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Preface 


In  recent  years  considerable  progress  has  been  made  in 
developing  sequential  methods  for  testing  Weibull  distributed 
populations.  This  thesis  represents  a continuation  of  pre- 
vious work  in  that  area.  It  is  hoped  that  the  test  plans 
and  evaluations  presented  here  will  provide  a viable  testing 
alternative  to  using  fixed  sample  Weibull  test  plans  in 
future  reliability  programs. 

The  behavior  of  Weibull  sequential  probability  ratio 
tests  has  been  an  extremely  interesting  topic  of  study.  I 
would  like  to  thank  Dr.  Albert  H.  Moore  for  suggesting  it, 
and  for  helping  me  with  the  development.  I would  also  like 
to  thank  Major  Charles  W.  McNichols,  my  reader,  for  his  help 
with  both  computer  programming  and  preparing  the  manuscript. 
Finally,  thanks  to  Dr.  H.  Leon  Harter  of  the  Air  Force 
Flight  Dynamics  Laboratory  for  sponsoring  this  effort. 

I have  tried  to  present  my  results  in  complete  and 
understandable  form.  I am  fully  responsible  for  any  errors. 


James  N.  Robinson 
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Abstract 

Three  types  of  Weibull  sequential  probability  ratio 
tests  between  specified  scale  parameters  are  examined  when 
the  shape  parameter  of  the  distribution  is  assumed  known. 

The  three  types  of  testing  are:  one  test  unit  tested  at  a 
time  with  replacement  on  failure,  n units  on  test  without 
replacement  (dependent  sample),  and  n'  units  on  test  with 
replacement  on  failure.  A new  test  statistic  is  presented 
for  the  third  type.  Truncated  test  plans  representing  40 
possible  shape  parameters  ranging  from  .50  to  5.70  are 
presented  for  four  sets  of  designated  risks.  Designated 
risks  for  equal  Type  I and  Type  II  errors  are  .05,  .10, 

.20,  and  .30.  Monte  Carlo  computer  simulations  are  used  to 
evaluate  the  test  plans  in  terms  of  actual  risks  and  actual 
expected  time  and  failure  number  to  decision  under  HQ  and  ha. 

. Basic  equivalence  of  test  configurations  is  demonstrated 
in  terms  of  expected  true  risk  and  failure  number.  Increased 
discrimination  capability  is  also  demonstrated  as  shape 
parameter  values  increase. 

A cost  model  which  can  be  used  to  determine  which  test- 
ing configuration  to  use  under  different  testing  restrictions 
is  offered.  Two  examples  are  presented  to  illustrate  appli- 
cation of  Weibull  SPRT's  under  cost  restraints. 
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Brief  Background 

The  growing  dependence  of  soceity  on  an  environment 
shaped  by  technology  requires  parallel  growth  in  the  area 
of  reliability  control.  As  tolerances  for  error  decrease 
in  increasingly  complex  systems,  quality  control  methods 
used  to  judge  the  reliability  of  subcomponents  must  improve. 
The  search  for  accurate  and  efficient  tests  for  quality 
assurance  must  keep  pace  with  the  demands  of  technology. 

New  test  methods  which  are  efficient  and  easy  to  use  should 
continue  to  be  developed. 

The  sequential  probability  ratio  test  adapted  for  use 
with  the  Weibull  distribution  is  a comparatively  new  testing 
tool  which  has  been  developed  during  the  current  decade. 

This  test  is  particularly  well  suited  to  tests  of  hypotheses 
involving  time  to  failure  in  reliability  testing.  Since  the 
Weibull  distribution  is  extremely  flexible,  these  tests  can 
be  used  in  testing  a wide  range  of  populations.  The  purpose 
of  this  thesis  is  to  further  develop  sequential  tests  for 
use  with  this  distribution. 

There  are  significant  parallels  between  Weibull  sequen- 
tial tests  and  exponential  sequential  tests.  In  truth,  the 
exponential  case  is  a subset  of  Weibull  testing.  Sequential 
tests  between  scale  parameters  when  the  shape  parameter  is 
known  have  been  constructed  for  the  Weibull  by  previous 
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researchers  (Ref  1)  (Ref  2)  (Ref  3) . To  this  date,  sequen- 
tial procedures  have  been  developed  for  two  types  of  Weibull 
testing.  These  types  are  for  configurations  when  one  item 
is  tested  at  a time  with  replacement,  or  when  a dependent 
sample  of  some  specified  size  is  tested  all  at  once  without 
replacement. 

Central  Premise 

It  can  be  assumed  that  a third  type  of  testing  applies 
for  Weibull  sequential  tests.  Because  of  the  parallels 
between  exponential  and  Weibull  testing,  it  can  be  hypothe- 
sized that  any  number  of  items  can  be  placed  on  test  simul- 
taneously. If  these  items  are  replaced  after  failure,  a 
third  test  type,  independent  testing,  can  be  conducted 
using  the  same  test  boundaries  which  are  used  for  the 
previous  two  types.  The  basic  hypothesis  of  this  thesis 
is  that  regardless  of  the  testing  configuration  for  Weibull 
sequential  tests,  the  same  testing  boundaries  can  be  used. 
Minor  modifications  in  a test  statistic  can  compensate  for 
the  differences  in  test  configurations.  It  is  believed 
there  are  certain  equivalent  aspects  of  behavior  for  Weibull 
test  configurations  exactly  as  there  are  for  exponential 
tests . 

The  author  presents  numerous  truncated  sequential  test 
plans  in  the  appendices.  These  plans  are  evaluated  using 
Monte  Carlo  computer  simulations.  Simulation  is  used  as  a 
means  of  illustrating  equivalence  between  different  sequen- 
tial test  conf igurations . The  test  plans  are  presented 
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with  evaluated  risk  alternatives  to  be  used  for  a variety 
of  testing  situations. 


A basis  for  equivalence  appears  to  be  established 


between  different  testing  configurations  for  the  Weibull 
tests  presented.  For  that  reason,  the  author  intends  to 
clarify  the  decision  regarding  the  best  test  configurations 
to  employ  for  a variety  of  testing  situations.  It  is 
believed  that  a discussion  of  the  best  test  configuration 
to  use  in  sequential  Weibull  testing  will  prove  helpful  to 
anyone  wishing  to  use  the  prepared  test  plans.  Such  a 
discussion  can  be  presented  with  the  aid  of  relatively 


mation.  Much  of  the  information  presented  is  prepared  for 
the  individual  who  is  somewhat  unfamiliar  with  either  sequen- 
tial tests  or  the  Weibull  distribution.  Chapter  II  is  used 
to  discuss  the  concept  of  a sequential  test.  Chapter  III 
is  a full  discussion  of  the  Weibull  distribution.  Chapter 
IV  presents  the  construction  of  Weibull  sequential  tests. 
Chapter  V describes  the  rationale  behind  the  test  plan  sets 
presented  in  the  appendices.  In  Chapter  VI,  the  role  of  the 
computer  in  thesis  preparation  is  discussed.  That  role  was 
major.  This  chapter  presents  a general  discussion  of  how 
the  computer  programs  work  and  the  meaning  of  the  output. 
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Chapter  VII  is  a presentation  of  the  results  of  computer 
simulations.  An  illustration  of  equivalence  between  cases 
of  testing  is  offered.  Chapter  VIII  contains  a cost  model 
for  evaluating  an  optimum  test  configuration.  Two  examples 
of  testing  situations  are  presented.  The  conclusion  is  in 
Chapter  IX.  An  extensive  set  of  appendices  follows  the 
body  of  the  thesis.  The  first  eight  appendices  alternate 
between  evaluations  and  test  plans  paired  by  designated 
risk  level.  The  three  computer  programs  used  are  presented 
in  Appendix  I. 
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II.  The  Sequential  Probability  Ratio  Test 

According  to  Ghosh,  "Sequential  analysis  is  concerned 
with  the  statistical  treatment  of  observational  data  whose 
final  size  and  composition  are  not  predetermined  but  depend, 
in  some  specified  way,  on  the  data  themselves  [Ref  5:vii]." 
This  succinct  statement  describes  a broad  range  of  statis- 
tical tests  which  have  been  developed  since  the  initial 
statements  on  the  theory  developed  byj&rliham  Wald  and 
published  in  Sequential  Analysis  in  1947  (Ref  6) • 

The  purpose  of  this  section  is  not  to  develop  the 
proofs  behind  the  sequential  probability  ratio  test  (SPRT) , 
but  to  clarify  some  of  the  philosophy  behind  the  use  of  the 
test.  Some  of  the  major  formulas  developed  by  Wald  will  be 
presented.  These  formulas  will  help  to  clarify  test 
mechanics  in  the  reader's  mind.  For  those  who  desire  more 
elaborate  treatment,  the  author  highly  recommends  Wald's 
original  work  or  one  of  the  Other  descriptions  available; 
notably,  those  by  Weatherill  (Ref  7)  or  Mood  and  Graybill 
(Ref  8). 

Since  this  paper  is  primarily  oriented  toward  a 
potential  user  of  standard  tests,  there  are  three  major 
areas  of  importance  which  will  be  discussed.  A general 
background  and  philosophy  section  will  give  a basic  idea 
of  how  sequential  tests  developed.  A formula  section  will 
identify  and  clarify  "need  to  know"  formulas.  A final 
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section  will  briefly  cover  the  actual  employment  of  sequen- 
tial tests. 

Background 


In  using  any  statistical  test/  the  basis  of  the  philos- 
• ophy  behind  the  test  should  be  understood  by  the  user  in 
order  to  apply  the  test  for  its  best  performance.  In  the 
following  discussion,  the  reader  may  find  it  helpful  to  refer 
to  Fig.  1 which  has  been  taken  from  Freund  (Ref  9:239). 

The  probability  of  making  a Type  I error  is  commonly 
referred  to  as  the  alpha  error  (a)  and  the  probability  of 
making  a Type  II  error  is  termed  the  beta  error  (3) . Alpha 
error  might  be  further  classified  as  the  consumers' risk  or 
the  probability  of  accepting  a bad  lot,  where  beta  error  is 
commonly  called  the  producers'  risk  or  believing  that  a good 
lot  is  defective.  In  Wald's  discussion,  our  of  "m"  state- 
ments about  a population,  based  on  test  statistics,  some  will 
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be  in  error,  and  in  the  long  run  the  error  amounts  to  the 
alpha  and  beta  errors  of  the  test  as  "m"  gets  large  (Ref  6: 
17) . For  a fixed  sample  test,  where  the  number  of  samples 
(from  which  a test  statistic  is  derived)  is  some  fixed  con- 
stant n,  the  best  test  is  one  which  has  the  smallest  alpha 
and  beta  errors  for  a given  n (Ref  6:17).  Neyman  and  Pearson 
have  shown  that  the  most  powerful  critical  region  for  simple 
hypotheses  (one  that  provides  smallest  6 for  fixed  a)  is 
determined  by  a likelihood  ratio  (Ref  6:18)  (Ref  10). 


£1 txl*  ri <X2J • * • f i (xn* 

WVX2>  •*  *fC^xn^ 


(2.1) 


f^(x^)  * evaluated  under  HA 
fg(x^)  ■ pdf  evaluated  under  HQ 

k ■ arbitrary  constant  for  fixed  a 
One  might  envision  a rejection  region  for  a statistic, 
y,  which  is  chi-square  distributed.  Fig.  2 describes  such 
a critical  region  for  a simple  hypothesis.  One  might  further 
imagine  that  the  critical  region  is  best  in  a Neyman  Pearson 
sense.  The  "y"  in  this  case  would  be  a test  statistic  deter- 
mined by  the  likelihood  ratio.  For  any  fixed  sample  size  n, 
if  the  value  of  the  test  statistic  y falls  to  the  right  of 
a line  determined  by  k,  HQ  is  rejected. 

A test  Wald  described  is  against  two  simple  hypotheses 
and  considers  "n"  a random  variable.  Another  difference  is 
that  there  are  three  regions  into  which  a test  statistic,  y, 
may  fall:  a zone  of  acceptance,  a zone  of  rejection,  and 

a zone  of  indecision  (Ref  6:28-29).  Consider  Fig.  3. 
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Residence  in  the  zones  is  determined  by  the  current  amount 
of  information  embodied  in  a test  statistic  (y  in  this  case) 
after  each  successive  test.  The  interesting  quirk  of  a 
sequential  test  is  that  one  leaves  an  "out"  in  testing  using 
information  as  it  becomes  available.  The  "out"  is  the  fact 
that  when  information  does  not  merit  definite  acceptance  of 
either  of  two  alternatives,  one  makes  a decision  to  obtain 
more  information  by  taking  another  observation,  adding  it  to 
the  current  sample,  and  computing  a new  test  statistic. 

Wald  determined  that  approximate  boundaries  for  the 
three  zones  could  be  constructed  strictly  in  terms  of  the 
Type  I and  Type  II  errors  desired  in  the  test.  It  turned 
out  that  the  same  probability  ratio  used  in  constructing 
a critical  region  using  Neyman  Pearson  technique  could  be 
used  in  constructing  a three  zone  sequential  test  statistic 
(Ref  6:42) . In  the  following  section  some  of  the  necessary 
formulas  behind  sequential  tests  coupled  with  explanatory 
material  will  be  presented. 


Basic  Sequential  Formulas 

Consider  the  probability  ratio 


Plm  = f <xi9i)f  (x2,6x)  . ..f  (x^) 
P0m  f(xl60)f(x2  60) ***f (xm90) 


(2.2) 


i 


Instead  of  creating  the  inequality  where  the  above 


ratio  is  less  than  or  equal  to  some  constant,  k,  the  sequen- 
tial test  is  constructed  by  bounding  the  ratio  by  two  con- 
stants A and  B such  that 
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B < 1 < A 

— in  — 


(B  < 1 < A) 


(2.3) 


To  run  a SPRT,  a sample  Is  taken  and  computed.  If 
the  value  of  *m  is  greater  than  A,  reject  HQ.  If  Am  is  less 
than  B accept  Hq.  If  is  between  B and  A continue  testing. 

In  the  sequential  test  developed  by  Wald,  the  constants 
A and  B are  approximately  formed  strictly  in  terms  of 
desired  a and  6: 


(2.4) 

1-0 

(2.5) 

Using  the  above  bounds,  Wald  has  shown  that  the  prob- 
ability of  eventual  termination  of  a sequential  test  is 
equal  to  1 (Ref  6:43).  In  practice  the  above  inequalities 
are  considered  equalities,  and  Wald  stated  that  use  of  such 
boundaries , " . . . cannot  result  in  any  appreciable  increase 
in  the  value  of  either  a or  6 (Ref  6:46]."  Suffice  to  say 
that  the  true  values  for  a and  3 will  be  different  from 
those  used  to  construct  A and  B,  but  (without  terminating 
a test  early,  "truncation")  true  a and  0 will  be  less  than  the 
"input"  a and  0 used  to  construct  boundaries  (Ref  6:48). 

At  this  point,  it  is  of  interest  to  present  without 
proof  formulas  significant  in  developing  SPRT's.  The  case 
described  is  a sequential  test  designed  for  decisions 
between  two  simple  hypotheses  (Ref  7:14). 

The  operational  characteristic  (O.C.)  curve  or  prob- 
ability of  acceptance  at  a given  theta  is 
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L(9)  « P(0/<x,6,0q,0^) 


Ah ( 0 ) _ ! 


(2.6) 


The  term  "h(0)"  is  a function  of  any  given  theta  value 
and  must  be  evaluated  for  the  particular  theta  of  interest 
at  each  desired  point  on  the  O.c.  curve.  For  continuous 
functions , h(0)  can  generally  be  evaluated  by  solving 
Equation  (2.7)  for  h(0)  at  0: 


*f  f 

1 Lf<x'0n>  . 


h (0) 


f(x,0)dx  * 1 


(2.7) 


Depending  on  the  p.d.f.  concerned  (f(x,0)).  Equations  (2.7) 
and  (2.6)  may  or  may  not  be  easily  evaluated.  For  examples 
in  the  binomial  and  normal  cases,  see  Wald  (Ref  6:51-52). 

Having  determined  a formula  for  the  O.C.  curve  (L(0)), 
the  expected  sample  size  can  be  computed.  The  average 
sample  number  or  ASN  has  one  of  the  most  appealing  attributes 
of  a sequential  test.  Where  observations  are  independent, 
Wald  has  shown  a relation  for  the  expected  sample  number 
(E(n))  given  an  actual  value  of  theta  (Ref  6:53): 


Vn)  - L(8)log  B ♦ tl-MOM  log  A 


where 


r f (x,0X)  “| 

Lctx,e0)  J 


(2.8) 


(2.9) 


Use  of  Sequential  Tests 


Sequential  probability  ratio  tests  on  the  average  will 
have  an  ASN  approximately  half  that  of  the  best  fixed 
sample  tests  for  many  distributions  (Ref  6:60).  Weatherill 
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has  stressed  the  fact  that  this  is  really  only  an  average 
quality.  Since  the  number  of  samples  is  a random  valuable, 
the  sample  size  may  go  well  beyond  that  of  a fixed  test 
(Ref  7:21).  In  1950,  A.G.  Baker  presented  some  interesting 
results  from  testing  a hypothesis  based  on  a normal  popula- 
tion. Baker's  results  help  focus  attention  on  the  actual 

j. 

range  of  possible  values  the  decision  number  may  take 
(Ref  11:337-338) . Usually  a user  of  a sequential  test  should 
provide  protection  against  testing  an  inordinately  large 
number  of  items,  or  testing  a prolonged  time  since  these 
tests  do  not  always  behave  according  to  expected  values. 

This  protection  is  gained  by  stopping  the  test  at  some  pre- 
determined point  if  no  decision  has  been  made  by  that  point. 
The  process  of  stopping  a test  prematurely  is  called  trun- 
cation and  will  have  a tendency  to  affect  the  "true"  values 
of  alpha  and  beta.  It  is  in  the  users  interest  to  apply 
standardized  tests  where  actual  error  values  under  trun- 
cation conditions  are  known. 

The  SPRT's  of  interest  in  this  thesis  are  based  on  a 
choice  between  two  simple  hypotheses.  According  to  Wald, 

"a  simple  hypothesis  has  been  defined  as  a statement  which 
specifies  completely  the  values  of  all  unknown  parameters 
[Ref  6:70]."  For  example,  if  one  were  testing  between 
means  of  a normal  distribution,  the  standard  deviation 
would  be  assumed  known  and  two  values  for  the  means  under 
two  hypotheses  would  be  completely  specified.  Fortunately, 
the  SPRT  can  be  used  with  composite  hypotheses  (Ref  6:70). 
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The  potential  user  should  be  aware  of  the  implications  and 
problems  involved  when  using  simple  hypotheses  while 
expecting  protection  against  composite  ones.  An  excellent 
discussion  may  be  found  in  Wald  (Ref  6:70-77)  and  will  not 
be  further  discussed  here. 

It  should  be  noted  that  Wald  and  Wolfowitz  have  shown 
that  by  using  a SPRT,  the  lowest  possible  ASN  values  result 
when  the  true  population  parameter  value  under  test  is  equal 
to  either  of  the  specified  parameters  in  the  test  (Ref  12) 
(Ref  7:22).  Though  this  quality  is  desirable,  the  user 
should  be  aware  that  ASN  may  not  be  optimum  at  population 
parameter  values  between  the  two  specified  (Ref  7:22). 

One  should  note  that  a sequential  test  is  usually  most 
efficient  when  actual  parameter  values  from  a population 
are  polarized  below  or  above  the  parameter  values  specified 
in  test  construction. 

In  summary,  the  SPRT  can  be  valuable  and  extremely 
efficient  tool  in  discriminating  between  two  hypotheses; 
however,  a potential  user  must  be  aware  of  the  possibility 
of  certain  risks  inherent  in  its  use.  The  next  section 
will  be  used  to  describe  a particular  distribution,  the 
Weibull,  to  which  the  theory  of  SPRT's  can  now  be  applied. 
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III.  The  Weibull  Distribution 

Walodi  Weibull,  a Swedish  researcher  for  the  Bofors 
Company,  presented  his  "widely  applicable"  extreme  value 
distribution  in  1951  (Ref  13) . Gumbel  describes  this  dis- 
tribution as  a "Type  III"  distribution  which  is  based  on 
failure  caused  by  "uniform  stresses  and  isotropic  brittle 
material"  which  influence  the  failure  point  on  or  before 
some  point  in  load  or  time  (Ref  14s 32).  The  Weibull  dis- 
tribution is  not  restricted  to  reliability  applications 
and  has  considerable  flexibility  in  representing  various 
diverse  populations.  However,  the  distribution  is  partic- 
ularly well  suited  to  descriptions  of  the  time  to  failure  of 
numerous  different  types  of  items  when  they  are  subjected  to 
stress. 

Before  proceeding  further  in  describing  the  type  of 
populations  for  which  the  Weibull  is  useful,  it  is  necessary 
to  describe  some  of  the  details  of  its  structure. 

Probability  Density  Function  (p.d.f.) 

The  Weibull  represents  the  distribution  of  x.  For  the 
purpose  of  ease  of  description,  this  thesis  will  consider 
that  x is  a time  until  failure  of  some  equipment  or  appa- 
ratus being  tested.  Using  correct  terminology,  an  item  is 
described  as  ^aing  "placed  on  test"  in  order  to  observe  a 
failure.  Equation  (3.1)  is  the  p.d.f.  for  the  Weibull 
distribution. 
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f(x) 


(3.1) 


i M“  - [-  M*] 


for  x>0. 


Three  Parameters 


The  nature  of  the  Weibull  distribution  of  system  lives 
is  dependent  on  three  parameters,  k,  6,  and  c.  The  range  of 
possible  values  of  the  three  parameters  provides  tremendous 
flexibility. 

The  "shape”  parameter,  k,  gives  a measure  of  the  amount 
of  peak  to  the  curve  and  is  extremely  important  because  it 
literally  determines  the  shape  of  the  curve.  For  example. 
Fig.  4 demonstrates  a succession  of  six  curves  which  have 
been  extracted  from  a graph  originally  constructed  by  Good 
and  Kao  (Ref  15:13).  One  can  observe  the  roonotonically 
decreasing  nature  of  each  of  the  curves  for  k equal  to,  or 
less  than  one.  For  k values  greater  than  one,  the  curve 
becomes  anchored  at  the  origin  and  beings  to  peak  higher  as 
k increases.  At  k equal  to  one,  the  curve  represents  an 
exponential  failure  distribution. 

The  curves  in  Fig.  4 have  a "location  parameter,"  c, 
equal  to  zero;  The  location  parameter  indicates  the 
value  of  x at  which  failures  begin  occurring.  Since,  in 
most  instances,  failures  can  occur  immediately  after  acti- 
vation of  a device  (the  zero  point  in  a test) , c will  be 
assumed  to  be  zero  from  this  point  on  in  this  paper.  Test 
plans  developed  under  this  assumption  are  readily  adapted 
to  a nonzero  value  of  c by  applying  a correction  to  data 
which  has  a c value  not  equal  to  zero.  This  adaptation 
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involves  substracting  the  known  value  of  c from  all 
observations. 


The  "scale  parameter ,"  0,  is  closely  related  to  the 
mean  of  the  distribution  and  is  sometimes  called  the  charac- 
teristic life.  In  life  testing,  the  mean  time  between 
failure  (MTBF)  is  a function  of  6 and  k: 

mtbf  = e[x]  « era  + i/k)  0.2) 

The  effect  of  9 on  a curve,  f(x),  given  a constant 
shape  parameter,  is  to  flatten  the  curve  as  0 increases. 

For  example,  in  Fig.  5,  the  two  curves  both  have  k equal 
to  2.5,  but  observe  the  significant  difference  between  curves 
as  0 goes  from  1.0  to  1.5.  Ask  increases,  the  difference 


between  two  given  curves  becomes  more  pronounced.  This  fact 
points  up  an  important  consideration  when  dealing  with  dif- 
ferences between  two  given  values  of  6 at  a specified  k 
value.  As  k increases,  the  ability  to  discriminate  between 
the  two  curves  becomes  easier. 

Failure  Rate 

The  failure  rate  is  another  important  aspect  of  Weibull 


distributions : 


k (x) 
x 


k fx 

e e 


(3.3) 


The  immediate  inpact  of  this  function  should  be  that  the 
failure  rate  is  not  constant.  There  is  one  exception,  the 
exponential  distribution  subcase,  where  k is  equal  to  one  and 
the  failure  rate  is  constant  (1/0).  To  generalize,  failure 
rate  increases  for  k greater  than  one  as  x increases.  For  k 
less  than  one,  failure  rate  decreases  as  x increases.  A wear- 
out  process  (fatigue  for  example) , can  be  described  using 
Weibull  distributions  with  k greater  than  one.  This  capabil- 
ity indicates  the  potential  value  of  this  distribution.  It 
may  be  critical  in  some  cases  to  be  able  to  show  the  effect 
of  operation  time  on  failure  rate. 

The  next  three  equations  are  self-explanatory  and  are 
presented  without  further  comment. 


Three  Important  Equations 

Cumulative  Distribution  Function. 


F(x)  ■ 1 - exp 


C-Kk] 


for  x > 0. 


(3.4) 
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Expected  Value  of  rth  Out  of  n Order  Statistics : 

EIxr.J  - r(j?  + *)  • 

5"1  fr-l]  (-l)r+i“1 

5-0  l * I ~i)  «A*U 


(3.10) 


Application  of  the  Weibull  Diatribution 

From  its  inception,  the  Weibull  function  has  proved 
effective  in  reflecting  the  probabilistic  nature  of  various 
extreme  value  type  populations.  The  best  known  applications 
are  in  the  reliability  field,  but  since  it  is  so  flexible, 
the  Weibull  can  prove  extremely  useful  in  describing  other 
distributions  as  well.  In  1951  Weibull  used  the  distribu- 
tion to  describe  a range  of  separate  data  types.  For 
example,  he  described  steel  strength  and  fatigue  life,  the 
size  of  beans  (vegetables) , fiber  strength  of  cotton,  and 
even  the  "stature  of  adult  males  in  the  British  Isles  [Ref 
13] . The  applicability  of  the  Weibull  distribution  in 
describing  the  time  to  diagnosis  of  carcinoma  has  been  dis- 
cussed by  Peto  and  Lee  (Ref  17)  and  also  by  Pike  (Ref  18) . 

The  list  can  go  on  and  on,  from  electronics  and  mechanical 

> 

lives  to  all  forms  of  biological  adaptations.  The  appli- 
cability in  the  field  of  biology  is  not  at  all  surprizing 
when  one  considers  that  a normal  population  can  be  approxi- 
mated by  a Weibull  with  shape  of  3.25  (Ref  19:191). 

The  Assumption  that  Shape  (k)  is  Known 

The  assumption  is  made  that  the  shape  parameter  is  known 
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for  this  thesis.  The  thesis  is  primarily  oriented  toward 
reliability  testing  where  one  desires  to  choose  between 
accepting  or  rejecting  production  lots  on  the  basis  of  8. 
Numerous  examples  where  a k value  other  than  one  has  been 
used  are  known.  Kao  has  shown  values  of  k for  various 
electron  tubes  (Ref  20)  (Ref  21) . Weibull  has  given  k 
values  for  his  examples  (Ref  13) . The  k values  for  various 
aircraft  subsystems  have  been  found  (Ref  22) . Harter  and 
Moore  have  presented  a useful  list  of  applications  and 
references  for  many  known  k values  (Ref  3:101).  When  one 
considers  that  every  time  a researcher  uses  an  exponential 
distribution  for  life  testing,  the  researcher  assumes  k to 
be  unity,  the  idea  of  known  shape  becomes  more  appealing. 

’ The  literature  is  rich  in  estimation  methods  for 
Weibull  parameters.  The  graphical  method  of  estimating 
the  value  of  the  shape  parameter  can  often  be  of  practical 
value.  Some  good  examples  of  graphical  analysis  can  be 
found  in  Berretoni  (Ref  23) . Johnson  and  Katz  provide  a 
good  general  discussion  of  estimation  procedures  by 
mathematical  means  (Ref  24:255-262). 

The  fact  that  estimation  procedures  exist  does  not 
necessarily  suggest  that  estimation  of  Weibull  parameters 
is  either  easy  or  consistent.  It  is  interesting  to  note 
that  one  dissenter  in  the  use  of  Weibull  distributions, 
Gorki,  has  emphasized  the  "elusive"  nature  of  Weibull 
parameters  (Ref  25:202-203). 
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This  thesis  rests  on  the  premise  that  the  parameter  k 
can  be  determined  given  high  enough  previous  information 
levels.  This  author  believes  that  there  are  numerous 
examples  where  the  assumption  is  warranted  and  inherently 
reasonable. 

The  Weibull  distribution  is  flexible.  It  applies  to 
a number  of  varied  populations.  Since  it  does  not  specify 
constant  failure  rate,  its  use  by  a potential  researcher  can 
be  fundamentally  realistic  in  reliability  examinations. 


IV.  A Sequential  Probability  Ratio  Test 
for  the  Weibull  Distribution 


Historical  Development 

In  recent  years,  theory  for  a SPRT  for  the  Weibull 
distribution  has  been  developed.  In  the  interest  of  histori- 
cal perspective,  this  chapter  will  begin  by  considering  the 
subcase  of  exponential  SPRT's.  There  are  significant 
parallels  between  exponential  and  Weibull  SPRT's  to  merit 
this  discussion.  By  reviewing  exponential  life  testing 
and  its  relationships  to  Weibull  testing,  it  is  hoped  a 
potential  user  of  Weibull  plans  can  become  more  comfortable 
with  the  Weibull  methodology.  Exponential  SPRT  plans  have 
enjoyed  extensive  use  for  some  time. 

The  interested  reader  is  directed  first  to  the  work  of 
Epstein,  Sobel,  and  Tsao.  A sequence  of  life  testing  papers 
by  these  authors  provides  an  excellent  framework  for  under- 
standing life  testing  where  the  underlying  distribution  is 
exponential  (Ref  26)  (Ref  27)  (Ref  28)  (Ref  29)  (Ref  30) 

(Ref  31).  As  previously  stated,  the  exponential  distri- 
bution assumes  constant  failure  rate  or  a k value  of  one 
when  represented  as  a Weibull  distribution.  Development  of 
sequential  procedures  for  Weibull  testing  can  be  better 
understood  by  examining  the  suggested  exponential  sequence. 

One  reason  the  exponential  has  been  evaluated  so 
completely  might  be  that  it  represents  a comparatively  easy 
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function  to  work  with  analytically.  This  fact  is  summed  up 
in  a statement  by  Stevens. 

In  many  cases  one  suspects  that  the  popularity  of 
constant  failure  rate  has  two  causes — the  relative  ease 
with  which  its  mathematical  consequences  may  be  derived, 
and. the  difficulty  of  obtaining  a significant  departure 
from  this  hypothesis  with  a limited  sample  of  data  when 
the  departure  is  not  gross  [Ref  32:38]. 

Whatever  the  reason,  the  exponential  assumption  enjoys  wide- 
spread popularity  and  the  Epstein  articles  provide  an 
articulate  background  on  which  studies  under  the  assumption 
may  be  based. 

Epstein  and  Sobel  developed  a sequential  test  for  dis- 
crimination between  two  values  of  MTBF  for  the  exponential 
distribution.  They  established  a basic  inequality,  Eq 
(4.1)  (Ref  30:83). 

B < (^)  exp  [-(1/e-L  - 1/0O>  V(t)  J < A (4.1) 

for  B < 1 < A 

A and  B in  (4.1)  are  the  classic  bounds  for  Wald  type 
regions  expressed  in  terms  of  desired  a and  8.  The  values 
8q  and  8^^  represent  the  desired  and  minimum  acceptable  MTBF 
and  are  specified  under  the  hypotheses: 


V 9 ^ eo 

V 9 i 91 


<9o  > 91 


Under  a sequential  test  procedure  one  accepts  Hq  on 
violation  of  the  left  inequality  in  (4.1)  and  accepts 
(reject  Hq)  on  violation  of  the  right  inequality.  The  test 
statistic  V(t)  can  be  interpreted  as  "the  total  life 
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observed  up  to  time  t [Ref  30:83]." 

There  are  three  different  ways  one  might  conduct  the 
sequential  test  just  described.  These  ways  will  be  repre- 
sented as  three  separate  cases  to  facilitate  future  descrip- 
tion. Under  Case  I , one  test  item  is  placed  on  test  at  a 
time  until  failure  or  a decision.  If  the  decision  is  made  to 
continue  the  test  after  a failure,  the  failed  test  item  is 
replaced  by  another  and  the  test  continued.  Case  II  speci- 
fies that  n units  are  placed  on  test  and  are  not  replaced 
after  failures.  The  test  is  terminated  after  a decision  is 
reached  or  after  the  nth  failure.  Under  Case  II  the  failure 
distribution  must  be  represented  by  order  statistics  for  a 
dependent  sample.  Epstein  and  Sobel  comment. 

Indeed  it  seems  fairly  clear  that  observations 
will  occur  in  an  ordered  manner  in  life  test  situations 
whether  we  talk  about  the  life  of  electric  bulbs,  life 
of  radio  tubes,  life  of  ball  bearings,  life  of  various 
kinds  of  physical  equipment  or  length  of  life  after 
some  treatment  performed  on  animals  or  human  beings 
[Ref  27:486]. 

Case  III  specifies  that  n'  units  may  be  tested  simultaneously 
and  replaced  after  failure.  This  case  is  really  the  gener- 
alized case  for  replacement.  The  formulas  for  each  case 
have  been  derived  [Ref  30:83): 


Case  I: 

V(t)  * 

t 

4.2a 

r 

Case  II: 

V(t)  = 

l x.+(n-r)t 

i=l  1 

4.2b 

Case  III: 

V(t)  * 

n't 

4.2c 

reader  will 

notice 

that  in  each  case. 

the  test 

statistic  V (t)  is  merely  the  total  time  on  all  items  which 
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have  been  tested  at  time  t.  It  is  not  considered  important 
to  further  belabor  theory  of  exponential  SPRT's.  These 
tests  are  fully  described  and  are  a basis  for  a current 
military  standard,  MIL-STD-781B  (Ref  33) . The  meaning 
of  the  statistic  V(t)  is  important  because  it  can  be 
generalized  for  tests  of  Weibull  populations  with  known  k. 


The  Weibull  SPRT  Between  Two  Scale  Parameters 


If  a random  variable  X is  defined  as  a Weibull  distrib 
uted  time  to  failure  of  a test  unit,  it  has  been  indicated 

lr 

that  a random  variable  Y,  defined  by  the  relation  Y=X  , is 

exponentially  distributed  when  k is  the  shape  parameter  for 

the  Weibull  distribution.  The  mean  of  the  exponential  dis- 

k 

tribution  thus  formed  is  0 where  8 is  now  the  scale  param- 
eter of  the  Weibull  distribution  (Ref  34:406).  The  reason 
for  emphasizing  exponential  development  is  clearer.  Given 
the  preceding  relationships,  it  is  possible  to  set  up  a 
SPRT  between  specified  scale  parameters  for  Weibull  distri- 
butions when  k is  assumed  known.  These  SPRT's  have  been 
developed  for  both  Case  I and  Case  II  life  tests;  The  next 
section  will  describe  these  developments  to  date. 


Case  I.  The  reader  will  recall  that  Case  I implies  testing 
one  unit  at  a time  with  replacement.  Nicholae  and  Obreja 
developed  necessary  formulas  for  Case  I testing  between 
specified  scale  parameters  of  Weibull  distributions  in 
1971  (Ref  1) . Working  independently,  Callahan  presented 
an  in  depth  examination  of  both  Case  I and  Case  II  testing 


in  1974.  Callahan's  thesis  included  extensive  Monte  Carlo 
examinations  of  Weibull  SPRT  behavior  (Ref  2) . Williams 
presented  some  standardized  test  plans  for  Case  I in  1975 
(Ref  4) . Williams  included  large  scale  Monte  Carlo 
evaluations  of  his  test  plans.  All  these  works  described 
SPRT's  between  scale  parameters  under  the  assumption  of 
known  shape.  A recent  paper  by  Harter  and  Moore  indicates 
that  an  equivalent  SPRT  between  specified  MTBF's  can  be 
constructed  (Ref  3:101-102) . When  the  shape  is  known, 
the  MTBF  is  completely  specified  when  the  scale  parameter 
is  specified?  hence,  the  equivalence  of  the  tests. 

Since  this  paper  recognizes  the  equivalence  of  the  two 
tests,  and  considers  a test  between  scale  parameters  less 
complicated  computationally  in  practice,  only  formulas  for 
testing  between  scale  parameters  will  be  presented.  The 
reader  interested  in  a complete  development  is  referred 
to  (Ref  1)  and  (Ref  2) . 

In  Case  I and  following  cases,  the  Weibull  SPRT  is 
defined  as  a test  between  a desired  scale  parameter,  6^, 
and  a minimum  acceptable  scale  parameter,  0^,  where 
0q  > 0^.  In  practice,  it  is  more  realistic  to  represent 
the  hypotheses  as  composite:  ^ 


H0:  0 ^ 0O 

HA:  0 1 ei 


V er 


Since  a formula  such  as  (4.1)  is  difficult  to  work  with, 
boundary  inequalities  can  be  simplified  to  a more  workable 
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form.  The  basic  inequality  for  Case  I testing  is: 


rs  - h2  £ V (t)  ^ rs  + 

where 

h - - ln(B) 

1 (l/e*  - l/ej) 

v,  - m (A) 

1 (l/ej  - i/ej) 

lnoj/ej) 

3 c xr~ 

(l/e*  - i/0q) 

. Under  Case  I,  the  test  statistic  becomes 

r k 
V(t)  = Z x* 

i=l  1 


(4.3) 


(4.4) 


(4.5) 


(4.6) 


(4.7) 


Inequality  (4.3)  is  the  defining  inequality  for  the 
three  regions  specified  in  a Wald  type  SPRT.  The  constants, 
A and  B have  been  given  previously  in  Equations  (2.4)  and 
(2.5).  The  test  statistic,  V(t),  is  simply  the  sum  of  all 
Weibull  lives  observed,  each  raised  to  the  k power.  There 
are  three  possible  decisions  the  researcher  may  make  while 
conducting  the  SPRT.  These  decisions  are: 

I.  Accept  Hq  if  V (t)  rs  + h1 

II.  Reject  Hq  (Accept  H^)  if  V(t)  <_  rs  + h2 

III.  Continue  testing  if  neither  boundary  is  violated. 
The  three  decision  regions  are  indicated  graphically 
in  Fig.  6. 
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V(t) 


V(t) >rs+hj 
Accept 


rs-h2<V (t) <rs+h^ 

Continue 

Testing 


V (t)  <rs-h„ 

— d 

Reject  Hq 


Fig.  6.  Regions  for  a Wald  SPRT  for  the  Weibull 
Distribution. 


The  expected  number  of  failures  E[r]  given  a true 
value  for  6 can  be  determined  and  is  dependent  on  L[8], 
the  probability  of  acceptance  of  HQ  given  that  value. 


Ee[rJ 


h2  - L [0]  (hx  + h2) 


s - 9' 


(4.8) 


for  0 ^ s 


Formulas  have  been  developed  for  Eg  [r]  for  0 equal 
1/k 

to  0,  0lf  s , 0Q,  ® (Ref  2:32).  Points  of  most  interest 

1/k 

are  usually  at  0Q,  0^  and  s ' . 


Entr] 

90 


h2  - (1  - a)  + h2) 


S - 0 


(4.9a 


h„  - 8(h,  + h„) 


[r] 


hlh2 


(4.9c) 


Under  Case  I the  expected  time  Eg [t] , required  to  make 
a decision  given  a true  value  of  6 is  dependent  on  EQ (r) . 


eq it]  * eq [r] era  + 1/k) 


(4.10) 


It  should  be  noted  that  Equations  (4.9a)  through  (4.10) 
are  evaluated  exactly  at  the  test  boundaries.  The  assump- 
tion here  is  that  one  can  observe  test  items  at  all  times 
and  make  decisions  continuously.  In  many  cases  it  may  be 
practical  to  accept  an  overshoot  of  the  boundaries  by 

-restricting  decisions  to  failure  points.  One  can  expect 

the  expected  value  formulas  to  be  lower  than  the  true 
expected  values  for  this  sort  of  "discrete"  test  (Ref  2:33) 
Test  construction  and  expected  performance  under  Case 
I have  been  described.  The  reader  can  imagine  that  such  a 
test  could  last  a long  time.  Tests  under  Case  I have  the 
longest  duration  of  the  three  cases.  They  do  guarantee 
a minimum  expected  waste  of  test  items  however.  The  next 
section  describes  a method  for  decreasing  the  time  required 
to  make  a decision. 


Case  II.  Case  II  can  be  called  an  "accelerated  test" 
because,  by  putting  n items  on  test  at  once  without  replace- 
ment, the  user  can  decrease  the  actual  time  required  for  the 
test  to  run.  The  user  creates  a dependent  sample  of  size  n. 
The  items  fail  in  order  of  weakest  to  strongest.  The  dis- 
tribution of  the  rth  out  of  n order  statistics  has  been 
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shown  for  the  Weibull.  Using  that  distribution , a new 

probability  ratio  to  be  used  in  a SPRT  can  be  evaluated. 

f(x1#n,x2,n,  . . . ,xr,n,t;eQ) 
r#n  f (x^,n,X2/n,  • • • 1;  0^) 

(e“)  exp  £-(i/e*  - 1/0J)  v(t)  J (4.ii) 


An  examination  shows  that  a test  using  Equation  (4.11)  can 
use  the  same  test  bounds  previously  described  under  Case  I. 
The  only  difference  between  the  two  ratios  is  a value  for 
V (t) . Under  Case  II: 


r 

V(t)  = E 

i5*! 


x^  + (n-r)xk 
i,n  r,n 


(4.12) 


Callahan  has  shown  an  "essential  equivalence"  between 
Case  I and  Case  II  Weibull  testing.  As  long  as  n>r,  the 
expected  number  of  failures  required  to  make  a decision  is 
independent  of  n,  the  number  placed  on  test  (Ref  2:25-26). 
Equation  (4.8)  can  be  used  for  Case  II  as  well  as  Case  I. 

Fortunately  the  expected  time  to  make  a decision  is 
not  equal  to  that  for  Case  I.  The  expected  time  to  make  a 
decision  is  compressed  to  the  expected  life  of  the  EQ[r]th 
order  statistic , or 


Ee[t)  - V*r,nl 

This  value  has  already  been  given  in  Equation  (3.10). 

Substantial  decreases  in  the  required  time  to  make  a 
decision  are  possible  under  Case  II.  This  time  saving 
feature  underscores  one  of  the  major  reasons  for  the  thesis. 
A thorough  evaluation  of  time  saving  alternatives  based  on 
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standard  test  plans  is  an  asset  in  any  reliability  program. 

In  many  cases  it  may  be  in  the  users  interest  to  cut  down 
the  duration  of  testing.  These  cases  will  be  examined  more 
fully  in  a later  chapter. 

At  this  writing,  only  Case  I and  Case  II  Weibull  SPRT's 
had  been  developed  in  the  literature.  The  next  section 
gives  a statistic  for  Case  III  which  helps  to  provide 
flexibility  similar  to  that  enjoyed  in  the  use  of  exponen- 
tial SPRT's. 

Case  III.  It  is  possible  to  present  the  teist  statistic 
which  will  operate  under  Case  III  conditions  by  merely 
extending  concepts  of  exponential  testing  to  Weibull  testing. 
The  statistic  derived  has  been  checked  empirically  by  Monte 
Carlo  computer  studies.  The  author  will  outline  the  ideas 
behind  its  development  in  this  section.  The  evaluation  of 
the  statistic  will  be  presented  later. 

As  previously  mentioned,  Epstein  and  Sobel  developed 
a SPRT  for  the  exponential  under  Case  III  conditions  (Ref 
30:83).  Under  Case  III,  n1  items  are  placed  on  test 
simultaneously  with  replacement  after  failures.  Like  Case 
II  testing.  Case  III  decreases  the  time  factor  in  making  a 
decision.  The  degree  of  time  collapse  is  directly  related 
to  the  number  of  test  stands  in  operation,  thus  allowing  a 
user  to  decide  how  long  a test  should  run  by  determining 
the  number  of  items  he  is  willing  to  test  simultaneously. 
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Unfortunately,  Equation  (4.2c)  is  not  as  easily  trans- 
formed  for  use  with  the  Weibull  distribution  as  were  Equa- 

tions  (4.2a)  and  (4.2b).  However,  a basic  parallel  between 

. 

exponential  and  Weibull  distributions  is  still  operative.  To 
formulate  a V(t)  statistic,  one  should  transform  Weibull  time 
to  exponential  time  and  find  a value  for  the  new  total  expo- 
nential  "time.1*  This  is  essentially  what  was  done  in  Case  I 
and  Case  II. 

The  test  statistic  for  Case  III  Weibull  tests  is  devel- 
oped as  the  sum  of  Weibull  time  transformed  to  exponential 
time  as  in  Case  I and  II.  However,  a simple  exercise  illus- 
trates why  Equation  (4.2c)  cannot  be  simply  modified  to 
Eq  (4.13)  in  the  same  way  Eqs  (4.2a)  and  (4.2b)  were  modified. 

V(t)  * rftk  (IMPROPER)  (4.13) 

Consider  Figure  7.  The  double  vertical  line  indicates  a 

cutoff  point  for  the  test.  There  are  three  test  stands, 

. 

I,  II,  and  III.  The  test  is  examined  at  time  t immediately 
after  the  item  on  stand  III  has  failed.  Items  have  failed 
previously  on  stands  I and  II.  Currently,  two  items  are 
still  operating  on  these  stands.  Assume  that  k for  the 
distribution  is  2.  Therefore  using  Equation  (4.13): 

n'tk  = (3) »(3)2  = 27 

It  is  easy  to  see  that  this  is  not  a very  good  approxi- 
mation of  total  exponential  test  time: 
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Fig.  7.  Simple  Test  Stand  Operation 


x*  + x*  + x*  = l2  + 22  + 32  = 14 


For  unfailed  items 


k . k 
21  + Z2 


2 2 

2*  +12  = 5 


Total  Exponential  (Transformed  Weibull)  Time  = 19 

The  way  in  which  test  items  fail  greatly  affects  any 
summation  of  transformed  values.  The  alternative  is  tQ 


actually  sum  the  transformed  lives  of  all  items  at  any  time 
of  interest,  t.  To  construct  an  algor ithm,  consider  the 
Weibull  time  to  failure  of  items  already  failed  as  x^^  where 
the  subscript  indicates  the  order  of  failure.  One  expects 
there  are  r failures  until  any  decision  is  made.  At  any 
given  moment/  there  should  be  n'  items  which  have  not  failed 
yet.  Indicate  these  items  by  z^,  where  the  subscript  indi- 
cates a particular  test  stand.  In  the  case  in  Fig.  7 
z,  is  equal  to  zero  since  the  observation  moment  was  exactly 
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at  the  failure  of  the  item  on  test  stand  III.  The  way  is 
now  clear  to  present  a mathematical  representation  for  a 
new  V(t) : 

- r k n‘  k 

V(t)  * Z x.  + Z 27  (4.14) 

i-1  1 j=l  3 

This  new  V(t)  has  the  attribute  of  decreasing  test 
time  when  used  in  a SPRT  using  the  original  bounds  for 
Case  I and  II.  The  expected  number  of  failures,  EQ(r]  is 
approximately  given  by  Equation  (4.8). 

The  expected  time  to  reach  a decision  where  n'  items 
are  placed  on  test  with  replacement  can  be  approximated 
using  a variation  of  a formula  given  by  Epstein  and  Sobel 
(Ref  31:442): 

EQ[t]  = E0  [r]  [er(l  + 1/k)  1/n'.  (4.15) 

Equation  (4.15)  is  simply  the  number  of  failures  expected 
multiplied  by  the  MTBP  divided  by  the  number  of  test  stands 
in  operation. 

It  is  also  of  interest  to  note  that  a Case  III  SPRT 
thus  constructed  achieves  equal  power  with  both  Case  I 
and  Case  II.  The  Case  III  test  appears  to  allow  a flexi- 
bility for  Weibull  SPRT's  (between  specified  scale  parameters 
for  k known)  that  compares  favorably  with  exponential  SPRT’s. 

This  section  has  introduced  the  three  different  types 
of  Weibull  SPRT's.  The  next  chapter  will  examine  the  nature 
of  standard  test  plans,  and  present  methods  used  for  this 
thesis.  It  will  prove  helpful  for  the  reader  to  refer  to 


f 
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Developing  a standard  set  of  SPRT  plans  is  a two  step 
project.  The  first  step  is  to  limit  the  number  of  test 
plans  desired  to  a reasonable  size.  When  dealing  with  a two 
parameter  continuous  distribution,  this  involves  numerous 
considerations  which  should  be  evaluated.  These  considera- 
tions include  scope,  cost,  desired  performance,  and  format. 
The  costs  of  construction  are  measured  in  both  available 
development  time  and  resources.  The  major  resource  expense 

in  this  thesis  was  computer  time  due  to  the  use  of  Monte 

Carlo  methods. 

The  second  step  in  standard  test  plan  construction  is 
to  provide  a full  evaluation  of  the  performance  of  the  final 
test  plans  presented.  Without  this  evaluation,  it  is  diffi- 
cult for  a potential  user  to  budget  the  test  program  or  have 
faith  in  the  use  of  the  plans. 

Chapter  Five  deals  with  the  first  step,  limiting  the 
scope,  size,  and  content  of  the  test  plans  which  will  be 
presented.  Later  chapters  will  describe  computer  techniques 
and  evaluations. 


Generality  versus  Performance 


The  first  decision  which  had  to  be  made  in  limiting 
the  scope  of  these  Weibull  SPRT  plans  was  the  question 
of  generality.  That  question  was  whether  to  include  a 
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broad  range  of  tests  applicable  to  a majority  of  Weibull 
populations,  or  to  select  a few  specific  populations  and 
try  to  optimize  tests  for  each  one.  The  generality  question 
centers  on  the  number  of  k values  to  include  in  the  study. 

The  number  of  k values  which  could  be  included  was 
limited,  but  since  the  k parameter  is  so  important  in 
determining  a distribution,  it  is  believed  that  as  many  k 
values  as  feasible  should  be  included  in  this  study.  The 
author  admits  to  a bias  toward  generality. 

Previous  work  has  shown  that  a set  of  forty  shape 
parameter  values  will  provide  a degree  of  protection 
against  sensitivity  to  shape  in  Weibull  SPRT's.  This  set 
was  used  by  Williams  for  a set  of  standard  Case  I tests 
(Ref  4:50-60).  It  is  assumed  that  a standard  SPRT  for 
any  case  testing  based  on  one  of  Williams'  forty  k values 
will  be  sufficiently  robust  to  minor  deviations  from  that  k 
in  the  population  being  tested.  The  use  of  these  forty 
values  provides  the  additional  bonus  of  compatibility  with 
Williams'  plans. 

The  shape  parameters  considered  range  from  .5  to  5.7. 
Plans  based  on  these  values  should  apply  to  the  majority  of 
known  Weibull  populations.  It  was  felt  that  the  generality 
of  test  plans  based  on  forty  values  for  k would  be  extremely 
valuable  to  a potential  user  desiring  a test  plan  to  fit  a 
specific  population. 

By  specifying  a wide  range  of  k values,  problems 
develop  in  the  performance  determination  stage  of  test  plan 
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development.  The  computer  methods  used  to  evaluate  the  test 
plans  sure  extremely  effective,  but  can  become  expensive  in 
terms  of  computer  time.  This  is  particularly  true  for 
evaluations  of  tests  using  k values  less  than  one.  The  price 
of  the  generality  of  a wide  range  of  k values  is  the  inabil- 
ity to  spend  resources  on  obtaining  nice  round  error  figures 
close  to  designated  values. 

In  many  statistical  tables,  it  is  customary  to  provide 
standard  error  values  for  a and  sometimes  3.  These  values 
are  convenient  because  they  are  conceptually  appealing  to 
a potential  decision  maker.  For  example  it  is  easiest  to 
present  an  argument  if  one  can  establish  a nice  round 
error  figure  like  .001,  .05,  or  .10.  In  fact,  some 
researchers  have  grown  to  expect  tests  with  such  "optimal" 
error  figures. 

It  is  possible  to  change  performance  of  a truncated 
SPRT  through  manipulation  of  the  test  boundaries.  These 
methods  have  been  discussed  by  Williams  (Ref  4:38-4$).,  An 
optimum  combination  of  input  errors  (to  construct  test 
boundaries) , coupled  with  an  optimum  truncation  point  can 
provide  desired  exact  performance  for  a SPRT.  Williams 
has  shown  that  manipulation  of  truncation  point  can  be  an 
effective  means  of  controlling  true  error  for  a truncated 
SPRT.  The  author  would  like  to  point  out  that  any  attempt 
to  optimize  true  error  is  both  subjective  and  expensive  when 
Monte  Carlo  analysis  is  used  for  evaluation. 

MIL-STD-781-B  provides  for  a set  of  "designated"  errors 
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for  truncated  exponential  SPRT  plans.  The  standard  also  pro- 
vides matching  actual  errors  to  be  expected  for  tests  run  for 
designated  error  levels.  These  errors  are  summarized  in 
Table  I.  The  values  are  taken  directly  from  the  standard 
(Ref  33x60). 

Table  I 

MIL-STD— 781-B  Test  Plans  and  Risks 


MIL-STD- 781-B 

Designated 

Actual 

Test 

Discr.  Ratio 

a 

8 

a 

6 

I 

1.5 

.10 

.10 

.115 

.125 

II 

1.5 

.20 

.20 

.227 

.232 

VII 

in 

• 

H 

.30 

.30 

.319 

.328 

IX 

1.25 

.35 

.30 

.363 

.397 

The  reader  will  note  immediately  that  the  actual  errors 
for  the  standard  are  far  from  optimal  (equal  to  designated 
errors) , and  in  every  case  but  one,  overshoot  the  designated 
error.  It  appears  that  designated  performance  is  not  essen- 
tial even  in  accepted  standard  plans.  The  standard  does 
state,  however,  "Shifts  in  the  accept/reject  lines  and  trunca- 
tion points  were  made  to  bring  the  true  risks  closer  to  the 
desired  (designated)  risks  and  to  make  the  two  risks  more 
nearly  equal  for  each  plan  [Ref  33:60]."  The  intent  of 
this  section  is  not  to  decry  the  worth  of  MIL-STD-781-B, 
but  to  point  out  the  subjective  nature  of  a search  for 
optimal  performance  in  a "standard." 

For  the  purpose  of  this  thesis,  the  search  for  an 


optimum  (creating  tests  with  performance  close  to  desired 
or  designated  performance)  was  considered  unnecessary.  The 
performance  exhibited  by  Wald  type  SPRT's  for  the  Weibull 
distribution  appears  excellent  when  designated  error  values 
are  used  as  "input"  values  to  construct  the  test  bounds. 

Such  plans  can  be  presented  at  face  value.  It  is  believed 
that  sets  of  plans  applicable  to  a wide  range  of  Weibull 
distributions , though  somewhat  less  than  "optimal,"  would 
be  more  valuable  than  plans  for  a few  selected  shape  values. 
When  coupled  with  computer  evaluations  and  comparative  test 
performance  analysis  under  various  case  testing  conditions, 
a general  set  of  tests  becomes  more  valuable.  It  is  hoped 
that  a researcher  desiring  to  test  almost  any  Weibull 
population  will  find  an  efficient  tool  in  the  sets  of  test 
plans  presented. 

Given  the  preceding  arguments  for  generality,  the 
decision  was  made  to  select  four  sets  of  risk  levels  (a,  $) 
to  be  used  in  test  construction.  These  "input"  values  for 
a and  S cover  a spectrum  of  risk  levels  desirable  to  a 
potential  user.  Forty  test  plans  are  constructed  for  each 
pair  of  risks.  These  plans  are  identified  by  Roman  numerals 
I through  IV  and  are  identified  in  Table  II.  It  is  believed 
that  these  risk  levels  provide  protection  similar  to  that 
given  in  MIL-STD-781-B. 


Table  II 


Weibull  Test  Plans  and  Designated  Risks 


Input 

Risks 

Test 

a 

0 

I 

.05 

.05 

II 

.10 

.10 

III 

.20 

.20 

IV 

.30 

.30 

Discrimination  Ratio 

Very  little  mention  has  been  made  of  the  discrimination 
ratio  up  to  this  point.  This  ratio  is  simply  the  ratio  of 
desired  scale  parameter  to  the  minimum  acceptable  scale 
parameter. 

Discrimination  Ratio  = ®o^0l  (5.1) 

Williams  has  described  an  interesting  aspect  of  Weibull 
SPRT  behavior  which  helps  to  limit  the  number  of  test  plans 
which  need  to  be  presented  for  various  discrimination  ratios 
of  interest  (Ref  4:32-36).  Since  this  aspect  is  so  impor- 
tant to  this  thesis,  the  arguments  stated  by  Williams  will 
be  repeated  here.  The  reader  should  refer  back  to  Eqs. 

(4.3)  to  (4.6)  in  considering  the  following  development. 

The  basis  of  the  argument  is  that  it  is  possible  to  nor- 
malize values  of  scale  parameters  in  terms  of  time  units 
equal  to  9^  instead  of  standard  units  such  as  days,  hours, 
or  minutes. 


If  one  interprets  all  times  in  terms  of  6^,  a "normal 
time  unit,"  a new  relation  for  the  denominator  in  equations 
for  h^,  h2,  and  s would  results 


rVk 


(5.2 


The  numerator  in  Equation  (4.6)  is  already  expressed 
in  such  a manner. 


0n  k 

n = In 


(5.3 


By  substituting  a new  value  for  the  discrimination 
ratio  in  Equations  (5.2)  and  (5.3),  it  is  possible  to 
express  terms  used  to  construct  the  test  boundaries  in 


terms  of  that  value: 


h.  = 


_ ~ In  (B) 


i - l/e1 
In  (A) 

i - i/e} 


(5.4 


(5.4 


In  9 

1 - i/eJ 


(5.4 


It  may  be  confusing  to  the  reader  to  now  consider  the 
discrimination  ratio  represented  by  a symbol  previously 
reserved  for  scale  parameters.  In  reality,  6 is  simply  a 
normalized  value  for  the  desirable  scale  parameter  since 
0.  is  now  unity. 


Everywhere  that  0 appears  in  Equations  (5.4b)  to  (5.4d) 

1. 

it  appears  as  0 . This  fact  allows  an  interesting  property 
for  test  boundaries  constructed  with  any  standard  discrimina- 
tion ratio.  Consider  that  test  plans  are  available  for  one 
standard  value  of  0,  0gTD.  Consider  also  that  it  is 
desirable  to  have  a test  plan  for  another  discrimination 
ratio  0X.  Test  plans  developed  for  the  standard  can  be 
used  for  other  ratios  as  long  as  the  equality  in  Equation 
(5.5)  holds: 


STD  > 

0 omr-v  * 0 

STD  x 


(5.5) 


An  example  will  illustrate  this  property.  Suppose  an 
engineer  wishes  to  test  a production  lot  of  bearings.  The 
engineer  feels  confident  in  using  a discrimination  ratio  of 
2.0  but  standard  test  plans  are  only  available  for  a dis- 
crimination ratio  (0gTD)  of  1.5.  It  is  known  that  the 
particular  bearings  fail  consistently  in  a manner  which  can 
be  described  by  a Weibull  distribution  k of  1.46.  In  this 
case,  the  engineer  can  easily  use  test  boundaries  from  the 
standard  which  apply  almost  exactly  to  his  specific  test. 


6 STD  * 


0 « 2.0 
x 


(1.5)  STD  = (2.0)1*46 


kSTD 


2.5 


The  boundaries  can  be  used  from  a standard  test  con- 
structed with  0 equal  1.5  and  k value  of  2.5.  In  running 
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the  test,  the  test  statistic  will  be  computed  in  a normal 
way  using  the  shape  parameter  of  the  actual  distribution 
(1.46) . 

Williams  has  shown  that  equivalent  test  plans  have  the 
same  expected  a and  6 errors  and  the  same  expected  number 
to  reach  a decision  (Ref  4:62-65).  That  author  has  used 
a standard  6 of  1.5  to  construct  his  Case  I plans.  This 
thesis  also  uses  that  value  both  in  the  interest  of  compat- 
ibility and  generality. 

Truncation 

Whenever  the  decision  is  made  to  use  a sequential 
procedure,  the  user  must  be  able  to  limit  the  risk  of  a 
prolonged  test.  As  previously  stated  the  expected  values 
of  t and  r are  purely  average  properties.  Variability  in 
testing  results  is  expensive  and  should  be  curtailed.  The 
method  used  to  terminate  a sequential  test  prior  to  incur- 
ring excessive  cost  is  called  truncation.  There  are  numer- 
ous truncation  schemes  available.  Variations  of  these 
methods  are  fully  discussed  in  (Ref  4). 

The  truncation  procedure  used  for  this  thesis  is  based 
on  work  by  Aroian  (Ref  35) . It  is  called  a "right  angle" 
truncation  because  it  truncates  the  test  for  either 
excessive  time  or  excessive  failures  in  testing.  A diagram 
of  such  a test  is  shown  in  Figure  9. 
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Fig.  9.  Diagram  of  “Right  Angle"  Truncation 


The  truncation  boundary  formulas  were  developed  for 
Weibull  SPRT’s  by  Callahan  (Ref  2:36-41).  A description 
of  Weibull  truncation  bounds  will  now  be  presented. 

If  one  can  select  some  specified  number  of  failures, 

Tq,  beyond  which  a SPRT  should  not  be  continued,  it  is 
possible  to  express  a value  for  the  test  statistic  based 
on  time  where  a truncation  acceptance  should  occur: 

V(t)  = Tq  (5.6a) 

Tq  = rQs  (5.6b) 

The  s in  Eq.  (5.6b)  is  given  by  Eq.  (4.6). 

There  are  various  opinions  on  where  to  truncate  a SPRT 
with  respect  to  number  of  failures  observed.  Epstein  and 
Sobel  contend  that  a value  for  rQ  large  enough  to  provide 
approximate  expected  test  behavior  should  be  (Ref  30:86)  : 

rQ  > 3 maxQ  E0  [r]  (5.7) 

Callahan  has  stated  that  Equation  (5.7)  may  be  conservative 
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f ormance  over  r ^ given  by  Equation  (5.8). 

A multiplication  factor  of  2.0  for  truncation  number 
was  used  for  all  the  test  plans  which  were  constructed. 
Given  a value  of  Tq,  an  "accept"  truncation  boundary  is 
determined  by  Equation  (5.6b).  Fig.  10  summarizes 
graphically  the  boundaries  of  SPRT  plans • presented  in  this 
thesis. 
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Juter  Methods  and  Output 


Computer  methods  were  vital  to  the  development  of 
this  thesis.  This  chapter  is  devoted  to  a description  of 
the  methods  used  and  the  output  of  those  methods.  Three 
of  the  basic  computer  programs  are  displayed  in  Appendix 
I.  The  output  of  these  programs  can  be  either  standard 
plans  or  evaluation  tables.  Appendices  A through  H cata- 
log the  computer  output.  This  output  is  organized  so  that 
a prospective  user  can  examine  alternative  evaluations  of 


test  plans  and  then  extract  the  desired  one  from  the 
immediately  following  appendix.  Therefore,  the  appendices 
alternate  by  risk  levels  designated,  first  evaluations 
then  standard  plans. 

By  reading  this  chapter,  it  is  hoped  that  a potential 
user  will  have  a better  understanding  of  the  output  pre- 
sented. The  chapter  is  not  a lesson  in  programming. 
Rather,  the  discussion  centers  on  a general  description 
of  the  operations  which  provide  a basis  for  data  produc- 
tion. 

The  machine  used  for  this  thesis  was  the  CDC  6600 
Cyber  74  Computer.  The  maximum  storage  required  ranged 
from  approximately  36,000  to  40,000  words.  Execution 
time  for  the  various  programs  ranged  up  to  4300  decimal 
seconds  and  was  highly  influenced  by  the  input  risks, 
size  of  shape  parameter,  and  sample  size  for  the  simula- 
tions. 
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This  chapter  is  divided  into  four  major  sections. 

The  first  section  describes  the  topic  of  Monte  Carlo 
generation  of  samples.  The  second  section  is  devoted  to 
the  standard  plans  including  their  construction  and  a 
description  of  the  printed  output  in  the  appendices. 
Section  three  briefly  describes  the  operation  of  the 
three  basic  simulations.  The  final  section  describes 
the  evaluation  tables. 

Monte  Carlo  Simulation 

Monte  Carlo  simulation  is  simply  a means  of  simula- 
ting the  operation  of  a test  using  artificially  produced 
random  samples  from  a specified  distribution.  If  the 
cumulative  distribution  function  F(x)  for  some  pdf,f(x), 
is  known  and  invertable,  one  can  produce  random  variables 
from  that  distribution  using  artificially  generated  uni- 
form random  variables.  The  internal  function  RANF(n)  on 
the  Cyber  system  can  be  used  to  generate  those  variables 
between  0 and  1.  Given  a random  variable  "u”  produced 
by  the  machine , one  can  generate  a variate  "x"  from  a 


specified  Weibull  distribution: 

u = F (x)  (6.1) 

x - F-1 (u)  (6.2) 

x - 0[-ln(l-u)]1/k  (6.3a) 

x - 6[-ln(u)]1/k  (6.3b) 


Using  either  Eq.  (6.3a)  or  (6.3b) , one  can  generate 
any  number  of  Weibull  variates  which  can  be  used  in  a 
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simulation  of  a certain  type  of  test.  The  generators 
used  in  the  programs  in  Appendix  I are  subroutines 
called  "VALUS(INP)  and  VALU(INP)."  These  subroutines 
provide  either  sorted  sets  or  single  values  of  Weibull 
variates  which  are  used  to  simulate  SPRT's  in  other  parts 
of  the  programs . 

This  short  section  on  Monte  Carlo  was  presented  first 
so  that  the  reader  will  understand  the  meaning  of  the 
terms  "Monte  Carlo  simulation."  Before  going  into 
explanations  of  specific  simulations,  the  next  section 
describes  the  standard  plans  used  in  all  the  simulations. 

Standard  Test  Plans 

Each  of  the  three  programs  in  Appendix  I contains 
a subroutine  called  "TABLE."  When  called,  this  sub- 
routine calculates  and  stores  in  memory  the  boundary 
values  at  all  possible  failure  numbers  for  a particular 
SPRT.  One  might  say  that  this  subroutine  creates  and 
stores  a numerical  image  similar  to  the  visual  image 
shown  in  Fig.  10. 

Once  the  boundary  values  for  a specific  test  have 
been  constructed,  they  can  be  used  in  a simulation  in  a 
"TESTER"  subroutine  and/or  they  can  be  printed  out  by  a 
"PRINT"  subroutine. 

The  second  program  presented  has  the  capability  to 
do  both,  and  conducts  Case  II  testing.  It  is  interesting 
to  note  here  that  all  programs  in  this  thesis  can  be 
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considered  mutations  of  this  second  program,  "NONREP." 

The  program  "NONREP"  has  the  capability  to  print  out 
desired  tables,  and  an  evaluation  of  the  tables  cam  be 
included  in  the  heading  information.  The  plans  in  the 
Appendices  B,  0,  F,  and  H were  generated  from  NONREP  but 
include  only  descriptive  information  in  their  headings. 

An  example  of  a "standard"  plan  is  presented  in 
Fig.  11.  Each  test  is  labeled  according  to  risk  designated 
by  Roman  numerals  as  previously  discussed.  Following  the 
numerals  is  a number  between  one  and  forty  which  repre- 
sents a code  for  the  assumed  shape  parameter.  Other 
information  included  in  the  heading  further  categorizes 
the  test  plan  by  listing  pertinent  details  of  construction 


• 

TEST  III-25 

K, SHAPE 

*1.8000 

DISCRIMINATION  RATIO*  1.500 

J INPUT  ALPHA*  .200 

INPUT  BETA*  .200 

E (N) 

- 3.92672 

E(N)  MULTIPLIER  = 2.00 

TEST 

ACCEPT 

REJECT 

1 

4.085 

0.000 

2 

5.484 

.142 

3 

6.903 

1.551 

4 

8.312 

2.959 

5 

9.721 

4.358 

6 

11.130 

5.777 

7 

11.271 

7.186 

8 

11.271 

8.595 

Fig.  11.  Example  of  a Standard  Weibull  SPRT  Plan 
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such  as  shape  parameter,  discrimination  ratio,  designated 
input  risks,  expected  number  of  failures  given  0^  and 
the  multiplication  factor  used  to  obtain  r^.  The  items 
in  the  table  itself  include  specific  failure  numbers 
under  "TEST"  and  the  boundary  values  at  those  points. 

It  is  important  to  note  the  significance  of  these 
boundary  values  as  given.  Recalling  that  tests  were  con- 
structed using  a normalization  technique  in  terms  of  01, 
one  must  be  able  to  interpret  the  accept/reject  values 
relative  to  0^.  In  MIL-STD-781-B,  the  SPRT  boundaries  are 
presented  in  terms  of  the  specified  or  desired  MTBF  (Ref 
33:19).  This  is  not  at  all  the  case  with  these  Weibull 

SPRT' s.  The  accept/reject  bounds  in  these  plans  are  in 
v 

terms  of  0^.  When  interpreted  in  this  way,  the  user  can 
use  actual  population  values  to  construct  the  sequential 
statistic  V(t)  without  normalizing  each  one  in  terms  of 
0^.  A user  can  adapt  any  of  the  standard  plans  to  his 
particular  testing  specifications  using  most  simple  hand 
calculators  by  multiplying  the  listed  boundary  values  by 

V 

his  specific  0^ 

The  standard  plans  are  presented  in  Appendices 
B,  D,  F,  and  H.  Preceding  each  set  (in  Appendices 
A,  C,  E,  and  G) , are  evaluations  of  the  plans.  This 
ordering  scheme  is  for  the  user  who  selects  a risk 
level,  requires  a quick  check  of  performance  capability 
and  options,  and  then  extracts  the  desired  standard  plan. 

The  next  section  will  discuss  how  the  evaluation  simulations 
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operate  which  are  used  to  prepare  evaluation  tables. 
Operation  of  Simulations 

The  programs  of  Appendix  I are  designed  to  simulate 
different  types  of  Weibull  testing.  Three  simulations 
represent  the  three  cases  of  sequential  life  tests. 

Although  Case  I is  really  a subset  of  Case  III  testing, 
there  are  significant  differences  in  developing  simula- 
tions for  the  two  cases.  That  is  one  of  the  main  reasons 
for  presenting  a three  case  classification.  The  three 
simulations  increase  in  complexity  from  Case  I to  Case  III. 

In  general,  each  simulation  operates  the  same  way. 

A control  program  provides  a set  of  tests  which  will  be 
evaluated.  In  sequence,  for  each  standard  test,  it  creates 
and  stores  boundary  values,  simulates  a particular  test 
a specified  number  of  times,  tabulates  the  results,  and 
prints  out  desired  output.  The  "results"  implied  are 
simply  averages  related  to  performance. 

The  simulations  used  are  very  much  a continuation 
of  previous  work  by  Williams  and  Callahan.  The  Case  I 
simulation  is  very  similar  to  one  used  by  Williams  to 
construct  his  standard  tables,  particularly  in  format 
and  use  of  subroutines  (Ref  4:139-143). 

Prior  to  discussing  the  simulations  it  is  necessary 
to  further  clarify  the  distinction  between  discrete  and 
continuous  testing.  In  discrete  testing  decisions  are 
made  only  after  a failure  occurs.  In  the  continuous 
case,  a decision  is  made  at  the  instant  the  value  of  V(t) 
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crosses  a test  boundary.  Continuous  testing  assumes  that 
the  researcher  has  the  resources  available  to  continuously 
monitor/evaluate  the  current  value  of  V(t).  The  values 
for  expected  time  to  a decision  and  expected  number  of 
failures  to  a decision  are  greater  for  discrete  testing 
them  they  are  for  continuous  testing. 

Except  where  noted,  the  simulations  for  this  thesis 
were  based  on  discrete  testing.  It  is  the  author's 
opinion  that  the  complications  of  Weibull  SPRT  operations 
are  significant  enough  as  to  bias  testing  toward  discrete 
operations.  Discrete  simulations  are  also  easier  to 
construct. 

Case__I.  The  program  "ONETIME"  is  based  on  simula- 
tion of  Case  I testing  where  units  are  tested  one  at  a 
time  and  replaced  on  failure  until  a decision  is  reached. 
Thid  first  program  in  Appendix  I simulated  the  actual 
operation  of  a Weibull  SPRT  "NMAX"  times.  "NMAX"  is  a 
variable  which  determines  the  number  of  Monte  Carlo 
simulations  to  run  for  each  true  value  of  the  scale  param- 
eter. The  performance  of  a specific  test  plan  is  checked 
at  true  parameter  values  of  6q  and  0^.  Average  test  per- 
formance can  then  be  computed  under  Hq  and  based  on 

NMAX  samples  of  simulated  tests  for  each  true  value  of  8. 
For  example,  if  NMAX  is  1000,  the  simulation  would  conduct 
1000  SPRT ' s to  decision  for  6^  = 1.0,  and  1000  SPRT's  to 
decision  for  eQ  - 1.5.  The  percentage  of  errors,  average 
failure  number,  and  test  time  under  each  hypothesis  are 
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calculated  at  the  end  of  each  set  of  simulated  SPRT's. 

Case  II.  The  program  "NONREP"  simulates  Case  II  test- 
ing. It  is  the  second  full  program  in  Appendix  I.  The 
subroutine  "TESTER"  conducts  simulations  of  SPRT's  where 
* rQ  items  are  placed  on  test  without  replacement.  The 
failure  times  produced  by  the  subroutine  "VALUS"  must  be 
produced  in  blocks  of  rQ  failure  times  sorted  from  smallest 
to  largest.  Again  simulated  SPRT's  are  conducted  "NMAX" 
times  under  each  hypothesis. 

Case  II  testing  in  "NONREP"  is  the  one  exception  to 
discrete  testing  assumptions.  In  order  to  calculate  the 
lower  limit  of  Case  II  test  durations,  formulas  to  obtain 
total  test  time  in  the  continuous  case  were  used.  Callahan 
has  given  Eqs  (6.9)  and  (6.10)  for  calculating  continuous 
decision  time  (Ref  2:47-48).  These  formulas  are  employed 
after  the  value  of  the  test  statistic  crosses  an  accept 
boundary  and  is  computed  at  the  next  failure  point  (the  SPRT 
can  only  reject  at  a failure  point) . The  test  time  duration 
is  computed  by  backing  up  to  the  test  boundary  crossed 
(in  the  simulation) : 

Time  truncation: 


~T0  ~ Vr,n  k 

n - r + 1 r,n 


1/k 


-* 


(6.9) 


This  procedural  correction  was  only  used  for  time 
calculations  in  "NONREP."  It  was  assumed  that  anyone 
attempting  to  use  such  a test  would  be  interested  in  the 
test's  best  absolute  performance  in  some  sense  since  a 
prime  reason  for  choosing  this  test  is  to  decrease  test 
duration.  It  is  hoped  these  added  average  time  to 
decision  calculations  as  presented  will  be  most  useful  to 
a potential  user. 

Case  III.  The  program  " RPLTABS " is  very  similar  to 
a typical  "queuing  system"  simulation.  In  essence,  the 
program  is  more  complicated  than  the  previous  two  because 
it  must  maintain  a complete  picture  of  the  testing  situation 
both  in  Weibull  time  and  exponential  time.  It  is  more  diffi 
cult  to  simulate  a Case  III  test  than  to  run  it  in  practice. 

Little  more  will  be  said  about  RPLTABS  other  them  its 
basic  operation.  It  was  assumed  that  a selection  of  Case 
III  testing  reflects  a desire  to  compress  test  time.  This 
desire  overshadows  the  need  for  absolute  efficiency  of  test 
items.  Therefore,  the  simulated  test  continues  with  all 
test  stands  in  operation  until  a boundary  is  crossed  or 
truncation  occurs  after  rQ  failures.  The  assumption  of 
100%  test  stand  operation  throughout  the  test  was  used  to  — 
simplify  programming.  Should  truncation  occur,  it  is 
assumed  that  all  test  stands  less  one  (NSTAND-1)  are  in 
operation  at  that  moment. 

In  operation,  the  simulation  fills  test  stands  with 
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test  units  whose  lives  are  supplied  by  VALU(INP).  Dif- 
ferent accumulators  keep  track  of  past,  present,  and 
future  times  to  failure  of  test  items.  A failed  item 
is  replaced  and  V(t)  is  computed  when  necessary  after 
each  failure.  Performance  calculations  are  completed 
in  the  same  manner  as  with  the  previous  two  cases. 

It  is  hoped  these  three  sections  have  provided 
an  under standing  of  the  basic  assumptions  behind  the 
simulations.  The  next  section  describes  the  performance 
tables  themselves. 

Performance  Evaluations 

Monte  Carlo  Size.  A reader  might  question  the 
reasons  for  using  computer  simulations  for  these  evalua- 
tions. It  is  known  that  Aroian  has  developed  Markov 
chain  evaluations  of  truncated  exponential  SPRT's  (Ref  35). 
Could  these  techniques  be  used  for  Weibull  SPRT's?  The 
answer  is  probably  yes,  but  such  evaluations  are  tedious 
and  complicated.  Monte  Carlo  evaluation  is  a comparatively 
easy,  albeit  brute  force  method  for  evaluating  the  perfor- 
mance of  truncated  tests.  Another  benefit  of  Monte  Carlo 
analysis  is  that  it  provides  a weight  of  empirical  proof 
along  with  reasonable  evaluations  of  performance.  A 
purist  might  object  to  such  brute  force  methodology,  but 
cannot  argue  the  fact  that  Monte  Carlo  simulation  is  a 
workable  tool  of  analysis,  and,  within  certain  limitations, 
is  an  excellent  means  of  evaluating  truncated  SPRT's. 
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The  sample  size  (NMAX)  is  a critical  factor  in  any 
Monte  Carlo  evaluation.  The  cost  of  a specific  simula- 
tion in  computer  time  is  directly  related  to  the  size  of 
the  sample.  Monte  Carlo  simulations  with  sample  sizes  of 
5000  and  1000  were  used  in  this  thesis.  Previous  work  by 
Callahan  and  Williams  employed  large  scale  simulations 
with  10,000  sample  tests  represented  (Ref  2)  ( Ref  4) • 
Sample  sizes  of  this  magnitude  were  considered  unneces- 
sary for  this  thesis.  It  is  believed  sample  sizes  of 
1000  provide  an  excellent  idea  of  the  performance 
capabilities  of  a specific  test  especially  in  expected 
time  and  failure  number  calculations.  Harter  and  Moore 
have  used  samples  of  this  size  very  effectively  in  their 
recent  paper  (Ref  3) • For  simulations  where  the  results 
are  to  be  used  as  a more  accurate  measure  of  performance, 
particularly  for  error  values,  a larger  sample  size  of 
5000  is  considered  adequate  by  this  author.  A figure 
of  5000  was  selected  in  view  of  the  excessive  costs  of 
larger  samples  in  terms  of  computer  production  time.  It 
is  felt  that  the  loss  in  accuracy  of  5000  samples  versus 
10,000  samples  is  minimal. 

Since  a basic  premise  of  this  thesis  specifies  that 
truncated  SPRT's  are  essentially  equivalent,  independent 
of  case  testing,  large  scale  (5000)  simulations  for  all 
forty  shape  values  need  only  be  evaluated  for  one  case. 
Limited  large  sample  simulations  for  specified  k values 
can  be  used  for  comparison  for  the  other  two  cases. 
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Smaller  sample  (1000)  simulations  for  forty  k values  were 
conducted  to  provide  good  approximate  performance  evalua- 
tions for  Case  I and  III.  Case  II  was  selected  for  a full 
evaluation  due  to  its  strong  analytical  base  and  due  to 
the  fact  that  Case  I has  been  fully  evaluated  already 
(Ref  4) . 

Case  II  large  scale  evaluations  (40  k values, 
NMAX=5000)  were  conducted  for  the  test  plans  in  the 
appendices.  These  evaluations  were  conducted  both  with 
truncation  multiplication  factors  of  2.0  and  1.5  for  all 
four  risk  levels.  A potential  user  has  eight  evaluated 
risk  alternatives  to  choose  from  when  selecting  a test. 
Smaller  scale  evaluations  are  included  for  Case  I and 
Case  II  (NSTAHD»2,3,5)  using  a sample  size  of  1000  for 
plans  truncated  with  a multiplication  factor  of  2.0. 

These  evaluations  include  the  four  designated  risk  levels 
and  include  evaluations  for  the  full  range  of  forty  k 
values.  The  evaluations  are  included  to  provide  a 
potential  user  with  a quick  reference  to  discrete  perfor- 
mance capabilities  available  under  alternative  testing 
conditions. 

Large  sample  evaluations  for  a set  of  ten  selected 
k values  are  included  in  Appendix  C.  These  were  run  for 
comparative  analysis  for  all  three  cases.  The  sample 
size  for  these  limited  evaluations  is  5000. 

Performance  Tables.  The  performance  tables  are 
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included  in  Appendices  A,  C,  E , and  G.  There  are  two 
similar  formats  used  for  the  replacement  and  nonreplace- 
ment cases  of  testing.  Examples  of  the  tables  are  pre- 
sented in  Fig.  12  and  Fig.  13.  The  purpose  of  this  section 
is  to  define  the  entries  in  the  performance  tables. 


ACCELERATED  TEST  W/0  REPLACEMENT 
INPUT  ALPHA3  .200  INPUT  BETA*  .200 


MULTIPLICATION 

FACTOR 

» 10.00 

NMAX*  5000 

K 

ALPHA 

BETA 

N (0) 

N(l) 

T ( 0 ) 

T (1) 

.50 

.189 

.168 

45.55 

50.23 

.039 

.032 

1.00 

.184 

.128 

13.20 

15.01 

.216 

.148 

1.30 

.172 

.121 

8.32 

10.09 

.351 

.236 

1.60 

.181 

.111 

6.07 

7.29 

.477 

.305 

2.00 

.185 

.091 

4.40 

5.25 

.620 

.385 

2.20 

.174 

.082 

3.78 

4.55 

.682 

.416 

2.50 

.176 

.074 

3.13 

3.83 

.750 

.458 

3.30 

.134 

.047 

2.25 

2.88 

.938 

.583 

Fig.  12.  Example  of  an  Evaluation  Table  for  Case  I or 
Case  III  Testing. 


ACCELERATED 

TESTS  WITH 

REPLACEMENT 

MONTE 

CARLO  SIZE  * 5000 

INPUT 

ALPHA- 

.200  INPUT  BETA- 

.200 

MULTIPLICATION  FACTOR- 

2.00  NSTAND—  5 

K 

ALPHA 

BETA 

N(0) 

N(l) 

T (0) 

T (1) 

.50 

.211 

.189 

40.77 

44.78 

20.002 

15.347 

1.00 

.207 

.162 

11.59 

13.40 

3.498 

2.683 

1.30 

.213 

.148 

7.41 

8.67 

2.314 

1.733 

1.60 

.225 

.143 

5.23 

5.25 

1.762 

1.319 

2.00 

.202 

.121 

3.69 

4.54 

1.448 

1.039 

2.20 

.211 

.113 

3.26 

3.98 

1.350 

.955 

2.50 

.199 

.108 

2.74 

3.35 

1.255 

.872 

3.30 

.193 

.092 

1.95 

2.41 

1.129 

.737 

Fig.  13.  Example  of  Evaluation  Table  for  Case  II  Testing. 
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The  pertinent  information  given  in  the  table  heading 
for  the  replacement  case  (Fig.  13)  is  fairly  self-explana-  , 

tory.  These  entries  include  the  size  of  the  sample  used 
to  construct  the  tabled  values,  the  designated  risks  used 
to  construct  test  bounds,  the  multiplication  factor  used 
to  truncate  the  test,  and  NSTAND,  the  number  of  test 
stands  assumed  in  operation  for  the  test. 

The  same  information  is  included  for  the  non-replace- 
ment (Case  II)  table  heading  (Fig.  12) . There  is  the 
exception  that  there  is  no  inclusion  of  the  number  of 
test  stands  operating.  For  these  tables,  the  number  of 
stands  in  operation  is  simply  the  truncation  number  for 
the  test,  rQ. 

The  performance  entries  in  the  columns  are  virtually 
the  same  for  each  table.  Above  each  column  is  a heading 
which  defines  the  values  found  in  that  column.  The 
following  are  the  definitions  of  the  column  headings: 

K:  The  assumed  shape  parameter  for  the  population 

under  test. 

ALPHA:  The  true  Type  I error  calculated  in  the 

simulation  based  on  the  number  of  reject  deci- 
sions made  divided  by  the  sample  size  (NMAX) 
when  the  true  scale  parameter  of  the  popula- 
tion under  test  is  6q. 

BETA:  The  true  Type  II  error  calculated  in  the 

simulation  based  on  the  number  of  accept 
decisions  made  divided  by  the  sample  size 
when  the  true  scale  parameter  in  the  popula- 
tion under  test  is  6^. 

N(0) : The  average  number  of  failures  needed  to 

make  any  decision  (accept  or  reject)  when  6^ 
is  the  true  parameter. 
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N (1) : The  average  number  of  failures  needed  to 

make  any  decision  (accept  or  reject)  when  8. 
is  the  true  parameter.  1 

T (0) : The  average  time  required  to  make  a deci- 

H sion  when  9.  is  the  true  parameter.  Both  T(0) 

and  T(l)  are  measured  in  “normal"  time  units 
generated  by  Eq  (6.3a)  for  8 equal  1.5  and  1.0 
respectively.  To  put  this  value  in  terms  of  the 
MTBF,  divide  by  8r(l+l/k).  All  times  are  for 
ij  discrete  simulation  with  the  exception  of  Case  II. 

I 

•}  T (1)  : The  average  time  required  to  make  a decision 

when  8.  is  the  true  population  parameter.  (See 
T(0) ) . 

jj!  .} 

It  is  hoped  that  Chapter  VI  has  provided  the  reader 
j with  a general  familiarity  with  the  methodology  used  to 

construct  the  test  plans  and  evaluations.  For  examples 
of  how  the  plans  and  tables  can  be  used,  the  reader  is 
directed  to  Chapter  VIII.  The  next  chapter  describes 


some  of  the  analysis  using  the  computer  evaluations-. 


VII.  Evaluations  of  Weibull  SPRT  Performance 


In  Chapter  VII,  a general  discussion  of  the  perfor- 
mance of  truncated  Weibull  SPRT's  is  presented.  This 
discussion  is  broken  down  into  three  parts.  The  first  sec- 
tion is  used  to  illustrate  the  basic  equivalance  shared  by 
three  cases  of  testing.  In  the  second  part,  discussion 
centers  around  characteristics  of  test  performance.  The 
analysis  includes  aspects  of  testing  and  changes  in  perfor- 
mance as  the  assumed  shape  changes.  The  final  section  pro- 
vides a brief  comparison  of  Weibull  SPRT's  with  some 
possible  alternatives. 

Equivalance 

Case  I,  II,  and  III  Weibull  SPRT's  appear  to  be  "essen- 
tially equivalent"  in  performance  when  one  standard  truncated 
plan  is  used  for  all  three  cases.  The  tests  are  different 
only  in  the  time  required  to  make  a decision  and  the  number 
of  test  items  actually  put  into  operation  (but  not  necessarily 
failed) . These  differences  are  important  from  a cost  point 
of  view  and  are  examined  in  Chapter  VIII. 

The  idea  of  equivalence  rests  on  two  aspects  of 
comparison.  The  first  is  equal  performance  with  respect 
to  actual  risks  of  Type  I and  Type  II  error  for  any  given 
test.  The  second  is  equal  performance  with  respect  to 
actual  expected  number  of  failures  prior  to  a decision. 
Callahan  has  shown  that  Case  I and  Case  II  are  "essentially 


equivalent”  analytically  (Ref  2).  This  section  will  present 
empirical  proof  of  equivalence  for  all  three  cases. 

To  facilitate  illustration  of  equivalent  aspects  of 
testing,  large  sample  (NMAX-5000)  Monte  Carlo  simulations 
vsre  run  for  ten  representative  k values.  These  ten  k values 
were  selected  because  they  are  spread  throughout  a reasonable 
range  of  k values  possible,  and  are  similar  to  a set  of  k 
values  previously  used  in  fixed  sample  testing  (Ref  15) 

(Ref  36:3). 

A comparison  of  performance  is  illustrated  in  Table  III. 
Under  the  performance  criteria  used  to  judge  equivalence, 
the  different  cases  appear  equivalent.  There  cure  virtually 
no  differences  either  in  risks  or  E [r]  among  cases  which 
cannot  be  attributed  to  random  variation  in  the  Monte  Carlo 
sample.  It  is  believed  that  a Weibull  SPRT  plan  constructed 
with  previous  formulas,  and  truncated  at  a specified  point, 
will  provide  equal  risk  protection  and  have  the  same  expected 
number  of  failures  to  a decision  regardless  of  the  case  test- 
ing employed.  The  two  equivalent  aspects  are  independent  of 
the  number  of  items  placed  on  test  as  long  as  an  appropriate 
test  statistic  is  used. 

The  author  believes  that  large  scale  simulations  of 
Case  II  testing  can  be  used  to  predict  expected  performance 
of  the  other  two  cases.  Although  it  is  obvious  on  examina- 
tion of  Table  III  that  this  is  not  a perfect  prediction 
capability,  the  author  believes  that  simulations  of  5000 
sample  tests  provide  close  approximations  of  test  performance 
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Comparative  Output  from  Monte  Carlo  Simulations 
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and  are  useable  in  a variety  of  testing  situations.  For 
example,  referring  to  Table  III,  if  one  desired  *isk  protec- 
tion of  .10  for  both  a and  0 for  testing  a population  with  a 
shape  of  2.5,  the  tabled  value  is  ample  justification  for  use 
of  a Weibull  SPRT  if  minor  deviations  from  the  desired  risk 
are  acceptable . 


Performance  Evaluation 

The  evaluations  of  this  section  are  based  on  simula- 
tions with  a sample  size  of  5000.  The  discussion  is  divided 
into  three  main  areas  of  interest;  actual  risk  performance, 
theoretical  versus  actual  number  of  failures  to  decision, 
and  time  compression  aspects  among  the  three  cases  of  testing. 


Actual  Risk  Performance.  These  evaluations  are  based  on 
simulations  of  truncated  Case  II  SPRT's  with  a sample  size 
of  5000.  The  intent  is  to  portray  the  interesting  behavioral 
aspect  of  increasing  discrimination  as  the  shape  parameter 
increases . 

Fig.  14  depicts  a plot  of  experimental  actual  per- 
formance in  terms  of  alpha  and  beta  error  for  a test 
truncated  at  2EQ  [r] . The  designated  error  indicated  by  the 
dashed  line  is  .10. 

The  plot  in  Fig.  14  is  typical  of  all  the  SPRT's 
which  were  simulated.  One  notices  innaediately  the  almost 
linear  relation  between  actual  error  and  population  shape 
parameter.  This  is  particularly  evident  for  Type  II 
error.  One  can  also  see  bias  toward  beta  error  for  a 
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Actual  Alpha 


mi  iwiii  aw  mum  in 


almost  exactly  to  the  theoretical  value  when  a truncation 
multiplier  of  2.0  is  used.  For  a truncation  multiplier 
of  1.5,  there  is  a larger  difference  between  theoretical 
and  actual  values  of  EQ [r]  at  low  k values.  The  dis- 
crepancy decreases  rapidly  as  k increases.  Table  IV  is 
illustrative  of  differences  among  the  three  values  for 

E0  [r] . The  reader  will  notice  that  the  performance  of 
el 

both  truncated  tests  is  very  close  to  theoretical.  Much 
of  the  differences  can  be  explained  by  the  differences 
between  discrete  and  continuous  testing. 

The  excellent  performance  of  standard  plans  trun- 
cated with  a factor  of  2.0  is  shown  in  Fig.  16.  The 
curved  line  represents  the  theoretical  expected  number  of 
failures  to  a decision  given  6^.  Each  square  represents 
a data  point  from  a Monte  Carlo  simulation  with  a sample 
size  of  5000.  The  graph  helps  to  emphasize  the  dramatic 
decrease  in  expected  failures  as  k increases  for  the  same 
designated  risks.  The  curve  in  Fig.  16  is  typical  to  Weibull 
SPRT  behavior  at  all  risk  levels.  It  is  interesting  to 


note  that  a mere  change  in  assumed  k from  1.0  to  1.5  cuts 
the  expected  number  of  failures  required  to  a decision  by 
approximately  fifty  percent.  This  is  an  important  aspect 
of  Weibull  SPRT ' s , particularly  since  it  might  dissuade 
those  who  are  inclined  to  make  out  of  hand  assumptions  of 
exponential ity  by  assuming  k equal  to  one. 
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Fig.  16.  Expected  Number  of  Failures  to  Decision.  Theoretical 

versus  Simulated  Given  9.  Plotted  Against  Shape  Parameter 


Table  IV. 


1.00 

1.20 

1.50 

2.00 

2.50 
3.00 
4.30 
5.70 


Comparison  of  Expected  Decision  Number  0*0^ 


Theoretical 


91.41231 

64.31275 

37.12056 

24.36901 

17.35278 

11.52425 

6.88314 

4.66812 

3.42853 

1.91394 

1.24639 


a*B*.10 


Experimental 
Factor*2 . 0 


89.77 

64.29 

38.38 

25.68 

18.54 

12.95 

8.28 

5.84 

4.45 

2.76 

2.11 


Experimental 
Factor *1.5 


82.61 


44.47 

35.07 

23.67 

17.28 

11.93 

7.58 

5.45 

4.27 

2.52 

1.87 


Time  Compression.  After  a particular  Weibull  SPRT 
plan  is  chosen,  the  decision  of  which  case  of  testing 
to  use  rests  on  the  need  to  compress  time. 

A Case  I test  has  the  longest  expected  clock  time 
to  a decision.  Case  II  and  Case  III  testing  can  be 
theoretically  accelerated  as  much  as  desired  if  enough 
test  stands  and  test  items  are  available.  For  an  equal 
number  of  test  stands  Case  III  will  be  the  fastest  test 
available.  For  a given  number  of  test  items,  all  of 
which  can  be  tested  simultaneously.  Case  II  is  the  fastest 
test  available . 


The  expected  time  to  a decision  for  a Case  II  test 


is  simply  the  expected  value  of  the  E0[r]th  order  statistic 
out  of  the  n on  test.  A general  formula  is  available  for 
the  expected  time  to  decision  for  Case  I and  III,  the  replace 
ment  cases: 

Efl  lr] 

EeIt]  = -jp — er(l  + 1/k)  (7.1) 

where  n'  * # of  test  stands. 

One  can  see  in  Eg  (7.1)  that  as  n*  increases,  expected 
time  to  a decision  decreases  toward  zero.  Unfortunately 
tests  using  large  values  for  n'  are  generally  costly  in 
practice  and  impractical  to  administer  in  many  cases. 

Fig.  17  helps  to  illustrate  some  of  the  options  in 
time  compression  open  to  a prospective  user  of  a Weibull 
SPRT.  The  points  on  the  graph  are  data  points  generated 
from  simulations  in  this  thesis.  The  curves  are  drawn 
to  accent  the  rapid  decrease  in  expected  test  time  to 
decision  as  k increases  for  different  testing  situations. 

The  spacing  between  the  curves  helps  illustrate  the  time 
savings  which  can  be  gained  using  a relatively  low  number 
of  test  stands.  One  also  notes  that  as  k increases  the 
relative  benefits  of  accelerated  testing  decrease. 

The  reason  for  including  small  sample  evaluations  for 
replacement  testing  cases  becomes  clearer.  Evaluations 
axe  provided  for  1,  2,  3,  and  5 test  stand  operations. 

These  tables  can  be  handy  reference  for  approximate  time 
to  decision  values.  They  can  also  be  used  for  cost 
analysis  of  test  options.  For  test  options  not  tabled. 


good  approximations  of  test  performance  can  be.  attained 

using  continuous  formulas. 

The  point  that  should  be  made  is  that  the  decision 
of  which  case  testing  to  use  is  an  economic  decision. 

How  to  make  that  decision  is  discussed  in  Chapter  VIII. 

By  examining  Fig.  17 , the  reader  can  observe  some  of  the 
capabilities  open  to  him.  It  is  really  difficult  to  say 
which  test  performs  best  in  some  sense  because  that  "best” 
is  fully  dependent  on  the  specific  conditions  of  the 
testing  situation.  Theoretically  a wide  range  of  testing 
* opportunities  is  available , one  must  simply  use  the  one 
most  favorable  to  one's  desires. 

t 

Weibull  Versus  Exponential  SPRT's.  It  is  possible  and 
convenient,  in  pursuing  life  testing  objectives,  to  assume 
that  the  underlying  distribution  for  failure  in  a population 
is  exponential.  Once  that  assumption  is  made,  consider- 
able analytical  support  is  available  to  use  in  testing 
hypotheses.  In  many  cases  such  an  assumption  seems  to 
be  similar  to  looking  for  a lost  set  of  car  keys  under 
a street  lamp  when  it  is  known  that  they  may  have  been 
lost  in  the  dark  fifty  feet  away.  It  is  simply  easier  to 

conduct  the  search  in  the  light. 

i— . The  error  of  the  exponential  assumption  can  be  both 

dangerous  and  costly  when  the  true  distribution  is  Weibull 

w±th~1r  unequal  to  one.  Some  research  has  been  'done'in  this~ 

area.  Zelen  and  Dannemiller  have  shown  that  exponential 
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tests  are  definitely  not  robust  to  the  exponential  assump- 
tion. They  have  stated: 

...  in  practical  situations  it  is  rare  to  have 
enough  data  to  verify  whether  the  exponential  failure 
law  is  actually  the  failure  law  characterized  by  the 
data.  Instead  we  actually  assume  that  the  exponential 
failure  law  is  the  "correct"  law and  use  techniques 
based  on  the  exponential  distribution  [Ref  37:185]. 

When  these  authors  used  a Weibull  population  with  a shape 

of  2.0  to  check  an  exponential  SPRT  it  was  found  that  the 

exponential  SPRT  was  extremely  conservative  (Ref  37:187). 

Recently,  Harter  and  Moore  examined  the  robustness 

of  MIL-STD-781-B  test  plans  (Ref  3) . Their  results  have 
• 

shown  that  exponential  SPRT's  are  basically  conservative 
(provide  lower  than  desired  risks)  for  shape  parameters 
greater  than  one  and  that  actual  risks  of  making  an  error 
are  higher  than  designated  for  k less  than  one  (Ref  3:101) . 
These  authors  state. 

It  is  clear  that  use  of  test  plans  assuming  an 
exponential  distribution  of  life  can  be  fraught  with 
serious  consequences  for  even  small  departures  from 
that  assumption.  So  these  plans  should  not  be  used 
unless  there  is  strong  theoretical  and/or  historical 
evidence  that  the  life  devices  of  the  type  being 
tested  really  do  have  an  exponential  distribution 
[Ref  3:101]. 

What  are  these  "serious  consequences?"  It  is  inter- 
esting to  make  a few  statements  in  terms  of  cost.  When 
k is  less  than  one,  use  of  an  exponential  plan  increases 
a risk  of  error  and  increases  the  expectation  of  incurring 
costs  connected  with  that  error.  When  k is  greater  than 
one,  there  is  a waste  cost  incurred.  This  waste  cost  may 
be  in  the  form  of  excess  expenditure  of  test  units  or 
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test  time.  The  waste  may  be  incurred  in  making  budgeting 
errors.  If  one  assumes  an  exponential  distribution,  when 
in  fact  the  underlying  distribution  is  Weibull  with  a k 
larger  than  one,  the  budgeted  cost  of  a testing  program 
may  be  far  greater  than  necessary.  Beyond  budgeting, 
the  user  may  be  buying  unnecessary  or  even  unwanted  quality 
assurance. 

Recalling  a previous  example,  a movement  of  k from 
1.0  to  1.5  decreased  expected  number  of  failures  by  one 
half.  By  assuming  exponentiality,  one  would  have  to 
budge't  for  the  larger  failure  number  and  risk  undesired 
quality  assurance  in  the  bargain.  It  appears  that  Weibull 
SPRT's  can  be  more  cost  effective  alternatives  than 
exponential  SPRT's  when  the  underlying  distribution  is 
Weibull.  Prom  a pure  cost  point  of  view,  it  appears 
savings  can  result  through  use  of  plans  in  this  thesis 
when  the  failure  is  Weibull  distributed. 

SPRT's  Versus  Fixed  Sample  Tests.  Goode  and  Kao  have 
developed  attributes  sampling  plans  for  tests  which  specify 
the  Weibull  distribution.  Their  plan  is  constructed  to  make 
a decision  at  or  before  some  specified  time  based  on  the 
number  of  failures  observed  from  a fixed  sample  (Ref  15) . 

It  is  of  interest  to  briefly  compare  a few  of  these  plans 
with  SPRT's  presented  in  this  thesis. 

Though  a direct  comparison  between  plans  with  the  same 
designated  risk  is  difficult,  the  potential  user  can  get  a 


78 


•’V-w  — mm  .--r—  ■■■ 


feel  for  the  exceptional  power  available  when  using  Weibull 
SPOT'S  by  examining  Table  V.  Weibull  plans  with  designated 
risks  of  .05  were  compared  with  fixed  s simple  plans  presented 
by  Goode  and  Kao.  Tests  were  selected  for  approximately  equal 
decision  time.  In  general,  the  Weibull  SPOT's  have  the  same 
or  better  approximate  risks  than  the  fixed  plans.  The 
expected  time  to  rejection  given  01  is  approximately  the 
same  as  the  specified  time  for  the  comparable  fixed  tests. 

The  expected  time  to  accept  when  0q  is  the  true  parameter 
is  slightly  longer  for  the  Case  II  tests  represented  them 
for  the  fixed  tests. 

The  sample  size  is  comparable  in  magnitude  between  the 

i 

two.  The  reader  should  note  that  increases  in  SPOT  samples 

would  serve  to  decrease  expected  time  to  decision  while  E.  [r] 

el 

remains  constant.  It  appears  that  there  is  a clear  superior- 
ity in  SPOT  testing  over  these  fixed  sample  tests,  however, 
that  superiority  diminishes  for  large  discrimination  ratios 
and/or  large  k values. 

The  experimental  values  listed  for  Ea  [r]  are  from 
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discrete  simulations.  Further  superiority  of  Weibull 
SPOT's  over  these  fixed  plans  could  be  demonstrated  by 
using  continuous  testing  procedures. 

A full  analysis  of  comparative  efficiency  of  Weibull 
SPOT's  is  not  in  the  scope  of  this  thesis.  It  has  been 
stated  that  exponential  SPOT's  have  approximately  40% 
greater  efficiency  than  fixed  length  plans  in  MIL-STD- 
781-B  (Ref  3:101).  One  believes  that  similar  savings 
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are  possible  with  Weibull  SPRT's.  It  is  assumed  that 
significant  savings  can  be  achieved  when  Weibull  SPRT's 
are  used  for  populations  whose  lives  are  either  character- 
istically very  good  or  very  bad.  It  should  be  noted,  how- 
ever, that  the  relative  merits  of  Weibull  SPRT's  over 
fixed  length  tests  seem  to  decrease  somewhat  with  large 
shape  parameters  and/or  large  discrimination  ratios 
specified  in  testing.  The  capability  to  discriminate 
between  two  populations  increases  in  those  areas  and  the 
greater  simplicity  of  fixed  testing  may  win  out  over 
marginal  gains  achieved  by  employment  of  Weibull  SPRT's. 

It  must  be  emphasized  that  a potential  user  of  Weibull 
SPRT's  should  evaluate  all  alternatives  in  terms  of  costs 
and  risks. before  opting  for  any  one  plan.  It  is  believed 
there  are  numerous  instances  where  Weibull  SPRT's  will 
prove  to  be  highly  efficient  choices. 
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VIII.  Weibull  SPRT  Selection  From 
a Cost  Viewpoint  (With  Examples) 

The  author  presents  a rationale  for  selecting  the  con- 
figuration best  suited  to  a Weibull  SPRT  in  this  chapter. 
Generally,  criteria  for  choosing  a test  configuration  are 
the  same  as  those  one  would  use  in  designing  a test  for  an 
exponential  population  using  MIL-STD-781-B. 

There  are  really  only  two  types  of  Weibull  SPRT's.  The 
three  case  development  was  presented  primarily  as  a means  of 
simplifying  explanations  of  test  statistics.  The  two  classes 
of  testing  are  independent  sample  (replacement)  testing  and 
dependent  sample  (non-replacement)  testing.  Each  class 
represents  a wide  range  of  test  stand  and  test  item  con- 
figurations which  can  be  used  to  achieve  varying  degrees 
of  time  compression.  The  question  examined  in  this  chapter 
is  which  configuration  will  provide  the  least  cost  testing 
alternative  for  a prospective  testing  program. 

• The  analysis  examined  in  this  chapter  concerns  the 
achievement  of  some  risk  protection  level  (which  is  fixed 
and  known)  at  the  least  cost  in  some  sense  to  the  testing 
agency.  Since  the  risk  is  fixed,  the  question  is  which 
version  of  a specific  truncated  SPRT  should  be  used  in  a 
testing  program.  The  answer  to  that  question  rests  on 
finding  the  optimum  combination  of  items  on  test  which 
will  provide  the  desired  risks  at  the  least  cost. 
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J.  M.  Moog  has  explored  the  topic  of  optimum  number  of 
test  units  to  place  on  test  when  using  SPRT's  from  MIL-STD- 
781-B.  His  primarily  graphical  analysis  centers  on  the 
optimum  number  of  units  to  place  on  test  for  a specific 
test  plan  given  various  possible  true  values  of  the  MTBF. 
That  author's  examination  has  pointed  out  certain  relation- 
ships between  testing  costs  and  the  optimum  test  number 
(Ref  38).  The  following  analysis  is  similar  to  Moog's  dis- 
cussion in  some  respects,  but  the  intent  is  to  provide  the 
user  of  Weibull  SPRT's  with  an  illustration  of  how  the 
optimum  test  configuration  can  be  obtained  (or  at  least 
illuminated)  using  a simple  cost  model. 

Assumptions 

In  order  to  construct  any  cost  model  it  is  first  neces- 
sary to  make  some  basic  assumptions.  For  example,  the  model 
assumes  that  risk  level  (true  a and  0)  are  specified  and 
constant.  The  assumption  is  also  made  that  only  long  run 
results  are  applicable  to  the  model.  For  that  reason, 
expected  value  formulations  are  assumed  relevant  and 
perfectly  adequate  for  projections  where  available.  One 
can  imagine  that  test  costs  being  evaluated  are  long  run 
costs  based  on  numerous  repeated  prospective  SPRT's.  In  a 
later  example  it  will  be  indicated  how  a user  may  hedge 
against  variability  in  testing  outcome  costs. 

The  model  also  assumes  that  some  good  idea  of  testing 
costs  can  be  "broken  out"  by  the  testing  agency.  This  is  a 
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big  assumption  as  the  reader  will  soon  note  that  some  of 
the  cost  coefficients  may  not  be  easily  derived  by  the 
average  organization  (Ref  38:52). 

Another  basic  assumption  before  beginning  explanations 
is  that  low  monetary  cost  is  a relevant  criteria  with  which 
to  judge  an  optimum  test  configuration.  This  may  not  always 
be  the  case  of  course.  There  are  conceivable  cases  where 
test  duration  is  the  only  relevant  factor  in  choosing  test 
configuration. 

Since  there  are  only  two  basic  cases  of  Weibull  SPRT's, 
it  is  possible  to  evaluate  the  best  test  for  both  types  and 
then  select  the  optimum  choice  by  comparison.  The  case  where 
a dependent  sample  is  placed  on  test  without  replacement  is 
somewhat  unique.  This  case  is  unique  in  that  there  are  some 
particular  considerations  which  predispose  one  toward  use  of 
this  test  such  as  its  relative  simplicity  when  compared  with 
the  replacement  case,  the  ability  to  place  a large  number  of 
items  on  test,  and  time  compression  capability.  One  can  make 
the  assumption  that  when  this  type  test  is  used  there  are 
usually  a limited  number  of  feasible  alternatives  to  con- 
sider. Each  of  these  may  be  evaluated  for  cost  independently 
since  dependent  testing  is  not  as  conducive  to  analytical 
techniques  as  is  the  replacement  case.  It  is  possible  to 
formulate  a cost  function  for  the  replacement  case  which  can 
be  evaluated  as  a continuous  function  in  terms  of  the  number 
of  test  stands  in  operation. 

It  is  assumed  that  the  difference  between  discrete  and 
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continuous  testing  has  little  effect  on  determining  the 
optimum  number  of  items  to  place  on  test.  To  facilitate 
formulation  and  explanation,  only  continuous  testing  will 
be  completely  analyzed. 

It  is  possible,  however,  that  discrete  testing  will 
change  the  optimum  solution  to  some  extent.  The  potential 
user  should  consider  the  effects  of  discrete  testing  on 
the  outcome  of  a cost  analysis  where  possible.  Discrete 
testing  evaluations  presented  in  the  appendices  may  be 
helpful  in  checking  true  optimality  of  some  solutions. 

»’ 

The  Model 

Cost  Elements 

This  section  contains  definitions  of  separate  cost 
elements  used  to  make  up  the  test  model.  Though  they  may 
not  include  all  possibilities,  the  cost  coefficients  pre- 
sented represent  a basic  example  of  costs  which  should  be 
considered  by  the  testing  organization.  In  the  following 
discussions,  the  variable  n'  is  used  to  indicate  the  number 
of  test  stands  in  operation. 

Cgu:  Start  Up  Cost.  The  start  up  cost  is  some  fixed 

amount  incurred  at  the  beginning  of  a test.  It  may  be 
small,  or,  in  some  cases,  may  involve  significant  outlays. 

CTS:  Cost  Per  Te3t  Stand.  This  may  be  considered  as 

an  acquisition  cost  of  setting  up  the  test  which  is  related 
directly  to  the  number  of  test  stands  (n'CTS). 
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CQs  Overhead  Cost  Rate.  Overhead  costs  are  incurred 
at  a rate  per  unit  of  time.  In  this  case  CQ  is  expressed 
in  terms  of  the  same  unit  base  as  MTBF.  The  overhead  may 
include  numerous  costs  such  as  utilities,  personnel  and 
rental  costs.  Overhead  costs  are  incurred  as  a direct  out- 
come of  expected  clock  time  for  the  test  to  run  (EQIt]Crt). 

0 O 


'TSO* 


Overhead  Rate  Per  Test  Stand. 


This  is  a time 


rate  which  allocates  costs  relative  to  the  number  of  test 
stands  (n'E0  [t]CTS0> . The  formulation  may  be  slightly 
different  for  a dependent  sample  since  all  test  stands  do 
not  necessarily  operate  for  the  duration  of  the  test. 
[f(n',E0ttl)CTSO. 


Cpjj  Cost  per  Failed  Item.  When  an  item  actually  fails, 
there  is  some  cost  incurred.  If  it  is  destroyed,  it  may  be 
disposed  of,  or  it  may  only  need  repair.  In  a Weibull  SPRT, 
this  cost  is  independent  of  the  number  of  items  on  test. 

(Eg [r ] Cpj) . 


CNFI:  Cost  a Non  Failed  Item.  Whenever  an  item  is 

placed  on  test  and  operated,  it  is  assumed  some  cost  is 
incurred  even  though  the  item  has  not  failed  when  a decision 
is  reached.  The  cost  may  involve  replacement,  repair,  or 
inspection  procedures.  This  cost  does  depend  on  n'  and  the 
type  of  testing: 

Discrete  Replacement:  CNpI(n'-l) 

Continuous  Replacement:  CNFI (n' ) 

Continuous  Nonreplacement:  C^^  (n'-Eg  [r]) 
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Total  Cost 

It  is  now  possible  to  combine  the  above  costs  into  a 
total  cost  model.  Consider  for  the  continuous  replacement 
case: 

CTOT  = CSU  + n'CTS  + n'E0[tlCTSO 

+ EQ[t]C0  + E0[r]Cpi  + n'CNpi  (8.1b) 

A slightly  different  formulation  exists  for  a dependent 
sample : 

CTOT  “ CSU  + n’CTS  + f(n,'E0^1)CTSO 

+ EQ[t]C0  + E0[r]Cpi  + (n'-EQ[r])CNpi.  (8.1b) 

Cost  Minimization 

The  total  cost  of  testing  for  the  continuous  replace- 
ment case  can  be  minimized  by  selecting  the  optimum  number 
of  test  stands  in  operation.  By  taking  a derivative  of  Eq 
(8.1a)  with  respect  to  n',  setting  the  result  equal  to  zero 
and  solving  for  n',  an  optimum  number  of  test  stands  can  be 
found  to  minimize  cost. 
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n*  -J 


l0[rl6r(l+lAlto 

CTS  + Sjf! 


(8.2) 


It  can  be  shown  that  the  n*  satisfying  Eq  (8.2) 
satisfies  the  requirements  for  a universal  minimum. 
Unfortunately,  the  assumption  is  implied  that  the  cost 
function  is  differentiable.  Though  this  is  not  the  real 
world  situation,  it  is  possible  to  use  the  result,  n*,  as  an 
indication  of  the  minimum  cost  vicinity  on  the  cost  curve. 
The.  minimum  cost  integer  n'  must  lie  on  either  side  of  the 
value  n*  on  the  cost  curve. 
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It  is  important  to  note  that  the  optimum  number  of 
items  on  test  is  directly  proportional  to  the  square  root 
of  a cost  ratio  for  a given  test  and  specified  population. 
Where  R is  a constant  for  a given  test: 

n*  * R 


CTS  + °NFI 


1/2 


(8.3) 
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The  appeal  of  Eq  (8.3)  is  in  identifying  how  n*  behaves  as 
costs  of  testing  change.  In  effect,  as  overhead  cost  rates 
rise,  the  number  of  items  desired  on  test  at  one  time 
increases  to  provide  more  time  compression,  however,  as  the 
acquisition  costs  of  test  stands  and/or  the  cost- of  nonf ailed 
items  increase,  the  desired  number  of  items  on  test  decreases. 

This  model  is  presented  as  an  example  of  a cost  rela- 
tionship. A user  of  Weibull  SPRT's  may  find  it  necessary  to 
modify  it  considerably;  however,  the  basic  results  still  hold. 
The  higher  the  overhead  rate,  the  greater  the  cost  pressure 
to  reduce  test  time.  The  greater  the  expenses  of  using 
additional  items,  the  greater  the  cost  pressure  to  reduce 
the  number  of  items  on  test.  The  expected  number  of  failed 
items  (and  hence  the  costs  of  those  failures)  are  independent 
of  the  test  configuration. 

Given  a true  value  of  6,  it  is  possible  to  set  up  a 
test  which  is  best  suited  for  a population  with  that  6. 

Even  though  the  test  is  constructed  between  6q  and  6^, 
other  values  of  0 could  be  included  in  the  cost  analysis. 

The  testing  agency  could  configure  a SPRT  to  take  advantage 
of  cost  benefits  if  it  is  believed  that  a given  lot  has 
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some  particular  value  of  6.  Moog  has  built  an  analysis 
around  this  point  indicating  that  it  is  possible  for  a 
producer  to  limit  testing  costs  by  using  the  optimum 
number  of  test  stands  for  the  believed  true  value  of  the 
MTBF  in  exponential  SPRT's  (Ref  38). 

At  this . point  it  may  prove  helpful  to  present  examples 
of  testing  situations  which  will  illustrate  selection  of  a 
proper  Weibull  SPRT  to  employ  in  a given  situation. 


Example  One 


An  engineer  wishes  to  test  a hypothesis  that  a partic- 
ular production  lot  of  bearings  has  an  acceptable  MTBF.  It 
is  known  that  the  process  used  to  construct  the  bearings 
either  produces  good  quality  bearings  or  poor  quality  ones 
and  for  some  reason  the  populations  are  almost  always 
dichotomized  in  this  way.  The  engineer  selects  a Weibull 
SPRT  because  it  is  ideal  for  this  purpose.  The  consumers 
have  assured  the  producing  corporation  that  any  bearings 
having  a MTBF  of  150  hours  or  better  are  perfectly  accept- 
able. Units  with  MTBF  below  100  hours  are  definitely  not 


acceptable. 

, v 

It  has  been  determined  that  special  bearings  of  this 
type  have  failure  times  which  can  be  described  using  a 
Weibull  distribution  with  k of  1.6.  Through  negotiation 
with  potential  consumers/  it  has  been  decided  that  a Weibull 


SPRT  with  designated  risks  of 


.10  truncated  at  2Ea  [r]  is 
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acceptable  for  testing  purposes. 

The  engineer  expects  to  be  using  the  test  numerous  times 
in  the  months  ahead  and  believes  a test  selected  on  a minimum 
expected  cost  basis  is  desirable.  Corporate  controllers 
have  recently  provided  a cost  data  sheet  for  different 
departments  to  use  when  operating  the  company's  multi- 
purpose test  facility.  These  cost  allocations  have  been 
figured  so  that  the  numerous  departments  in  the  organization 
will  budget  their  testing  requirements  in  a least  cost  opti- 
mum fashion. 

« 

The  initial  set  up  costs  for  the  testing  amount  to 
one  hundred  (100)  dollars.  For  this  particular  test,  special 
test  machines  must  be  moved  in  from  another  part  of  the 
plant  and  then  calibrated  prior  to  operation  as  test  stands.  v 
It  takes  approximately  fifty  (50)  dollars  (CTg)  to  accom- 
plish this  for  each  test  stand.  While  operating,  however, 
the  test  stand  overhead  allocation  is  negligible  (C_ert*0) . 

The  testing  facility  is  charged  to  the  production  depart- 
ments at  a rate  of  three  (3)  dollars  per  test  hour.  (CQ) . 

Since  the  bearings  are  a special  high  temperature  carbon 
lubricated  type,  the  failure  cost  is  one  hundred  (100) 
dollars  each.  However,  items  which  are  tested  but  do  not 
fail  can  be  refurbished  at  a cost  of  fifty  (50)  dollars 
each  (0^.) . 
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the  engineer  may  be  able  to  reduce  variability  in  testing 
costs  by  simply  increasing  the  number  of  units  on  test. 

At  this  point*  the  engineer  could  examine  the  possi- 
bility of  dependent  testing.  It  might  be  reasonable  to 

assume  he  does  not  wish  to  go  beyond  the  2Eft  [r]  sample 

°1 

size  (21) . By  examining  the  evaluation  for  such  a test 
in  the  appendices: 

T(0)  = 1.288 
T (1)  = .946 

Converting  these  values  to  multiples  of  MTBF0: 

Ee0ItJ  - a.siriuvi.i)  * -98  MTBFe0 

QAA 

VtJ  = TTTOTTWT^  ” i-03  MTBFe1 

Efl  [t]  » (.98) (150)  = 147 

00 

Efl  [t]  = (1.03) (100)  = 103 

01 

By  substituting  in  Eq  (8.1b)  one  can  find  an  approxi- 
mate cost  figure  for  dependent  sampling  when  twenty-one 
test  stands  are  operating  initially: 

CT0T  - $3021.50 
91 

CTOT  * $3082.50 
90 

If  dependent  sample  testing  were  a valid  alternative 
(if  21  test  stands  were  available  etc.)  it  can  be  seen  that 
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the  expense  is  much  greater  than  the  minimum  cost  independent 
testing  alternative.  Due  to  the  nature  o£  costs  in  this 
example,  it  is  unnecessary  to  explore  costs  of  dependent 
testing  further. 

The  engineer  makes  the  decision  to  use  six  test  stands 
simultaneously.  Since  6^  equals  approximately  111.6  hours, 
each  test  boundary  value  in  test  plan  "II^S"  should  be 
multiplied  by  (111.6) to  modify  the  plan  so  that  the 
actual  test  failure  times  may  be  used  in  the  test  statistic 
computation  (V(t)).  As  each  bearing  fails,  it  is  replaced 
by  a new  one.  A decision  is  made  when  the  test  statistic 
for  Case  III  testing  crosses  one  of  the  modified  boundaries. 
From  the  performance  evaluation  tables,  one  would  expect 
true  error  protection  to  be  in  the  vicinity  of  .110  and 
.072  for  alpha  and  beta  respectively. 


Example  Two 


It  is  possible  to  modify  the  preceding  example  to  illus- 


trate the  effect  of  costs  in  influencing  selection  of  a test 
configuration.  It  so  happens  that  a new  bearing  has  a Weibull 
distributed  failure  life  with  the  same  k as  the  previous 
example.  Unfortunately  the  test  requirements  for  the  new 
bearing  demand  that  the  new  bearing  be  tested  under  actual 
conditions  in  a jet  engine.  In  this  case  it  can  be  assumed 
that  test  stand  acquisition  costs  for  the  new  test  have  a 
tendency  to  skyrocket  over  the  cost  of  the  previous  testing 
machine.  Since  this  new  bearing  is  undergoing  development, 
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it  can  be  assumed  that  whether  it  fails  or  not  there  is 
considerable  cost  to  the  testing  agency.  The  situation  as 
constructed  is  an  idealized  example  which  might  force  the 
testing  agency  to  opt  for  Case  I testing. 

Assuming  that  specified  MTBF's  remain  the  same,  and 
that  overhead  rate  does  not  change,  it  is  possible  to  examine 
the  formula  for  n*  to  determing  what  values  and  CTS 
must  assume  to  make  Case  I testing  worthwhile: 


91  / CNF  + CTS 

For  a n*  to  be  equal  to  one  the  sum  of  CNF  + CTg 
must  equal  $3973.50.  If  the  denominator  costs  are  in  that 
vicinity,  the  testing  agency  may  find  Case  I testing  the 
best  alternative.  One  might  believe  the  overhead  rate  seems 
extremely  low  for  the  example.  In  this  instance,  an  increase 
in  overhead  rate  has  considerable  effect  on  the  n*  desired. 

By  playing  with  the  cost  figures,  the  reader  can  better 
understand  the  relationships  between  costs  and  n*. 

The  end  result  of  this  small  exercise  is  that  even  with 
low  overhead  rates  it  is  possible  that  test  stand  and/or 
unfailed  item  costs  may  need  to  be  fairly  large  to  justify 
Case  I testing.  It  is  important  to  emphasize  here  that  the 
number  of  failures  is  independent  of  type  testing  employed 
so  that  failure  costs  do  not  influence  a choice  of  n*.  In 
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the  extreme,  if  there  are  no  costs  for  test  stand  acquisi  - 
tion  or  nonf ailed  items,  it  behooves  the  testing  agency  to 
place  as  many  items  on  test  as  possible. 


1 M’  »> 
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Which  test  one  uses  must  always  depend  on  the  risks  and 
prospective  costs  one  is  willing  to  assume  in  the  testing 
program.  It  is  hoped  that  this  chapter  has  given  the  reader 
some  insight  into  the  problem  of  test  configuration  selection 
as  it  relates  to  Weibull  SPRT's.  The  cost  of  a testing  pro- 
gram is  almost  always  a relevent  consideration  in  choosing 
a test  configuration.  The  author  believes  that  accelerating 
a test  as  much  as  possible  at  any  cost  is  a seldom  used 
alternative.  If  nothing  else,  knowledge  of  the  minimum 
long  run  cost  configuration  will  give  decision  makers  a 
point  of  reference  from  which  they  may  more  directly 
influence  profitable  outcomes  of  testing  programs. 
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IX.  Conclusion 


Summary  and  Conclusions 

Weibull  SPRT's  have  behavioral  properties  very  much 
like  those  displayed  by  exponential  SPRT's.  In  general, 
it  is  believed  a test  plan  with  boundary  values  given  at 
various  failure  points  can  be  used  with  any  test  configura- 
tion as  long  as  the  test  statistic  represents  the  summation 
of  test  time  (on  each  item)  transformed  by  the  kth  power 
transformation.  Three  cases  or  types  of  testing  configura- 
tions have  been  presented.  A test  statistic,  V(t),  is  avail- 
able for  each  case.  In  general,  there  are  really  two  types 
of  testing,  replacement  and  non-replacement. 

It  has  been  shown  that  an  "essential  equivalence" 
exists  among  all  three  cases.  Tests  that  are  truncated 
at  the  same  point  should  have  the  same  actual  risks  regard- 
less of  the  actual  test  configuration  used.  The  expected 
number  of  failures  to  a decision  is  always  the  same  for  a 
given  value  of  6 and  is  independent  of  the  test  configura- 
tion. The  configuration  does  have  a great  deal  of  effect 
on  the  expected  time  to  decision  for  various  cases. 

The  Weibull  SPRT  has  some  interesting  characteristics. 

As  the  shape  parameter  increases,  it  is  easier  to  discrimi- 
nate between  two  given  scale  parameters  or  MTBF's.  This 
discrimination  capability  shows  up  in  both  decreases  in 
time  to  decision  and  expected  failure  number  as  k increases. 
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Conversely  as  the  discrimination  ratio  increases  for  con- 
stant k,  it  is  assumed  that  similar  discrimination  power 
increases  would  result  due  to  the  nature  of  standard  test 
plan  equivalence  discussed  in  Chapter  V. 

It  is  believed  that  a Weibull  SPRT  has  a definite 
value  when  compared  with  testing  alternatives  such  as  the 
exponential  SPRT  or  Weibull  fixed  sample  tests.  The  need 
to  evaluate  alternatives  thoroughly  is  paramount  before 
beginning  any  testing  program. 

There  are  numerous  test  configurations  which  can  be 
employed  for  any  given  Weibull  SPRT  plan.  The  "best"  solu- 
tion may  not  always  be  evident,  but  it  is  possible  to  con- 
duct a testing  program  at  considerable  savings  to  the 
testing  agency  if  some  form  of  cost  analysis  is  conducted 
to  determine  the  optimum  cost  of  a program  in  terms  of 
dollar  costs  or  risks.  It  is  hoped  that  the  examples  in 
Chapter  VIII  are  helpful  in  clarifying  the  cost  relation- 
ships involved  in  testing. 

The  author  believes  that  the  results  of  this  thesis, 
and  previous  work  by  others  in  the  field  of  Weibull  SPRTs, 
will  help  to  promote  more  widespread  use  of  the  test.  The 
presentation  of  truncated  evaluated  plans  should  help  to 
alleviate  some  of  the  computational  hinderances  which  may 
have  prevented  use  in  the  past.  It  is  believed  that  the 
concept  of  a Weibull  family  of  SPRT's  will  help  to  promote 
improved  capability  in  reliability  testing. 
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^ Recommendations 

Weibull  SPRT  evaluation  can  be  expensive  and  time  con- 
suming even  with  the  use  of  a modern  computer.  During 
preparation  of  this  thesis  the  author  believed  that  a 
sample  size  of  5000  was  sufficient  for  Monte  Carlo  investi- 
gation.  Under  time  and  cost  constraints  for  an  investigation 

S 

at  this  level,  the  author  believes  this  to  be  a valid  assump- 
tion; yet  full  evaluation  of  Weibull  plans  can  still  be 
beneficial . 

It  appears  that  MIL-STD-781-B  sequential  test  plans  are 
really  only  a minor  subset  of  a broad  range  of  possible 
Weibull  plans.  If  possible,  a set  of  truly  standard  plans 
should  be  developed  for  a set  of  Weibull  distributions  in  a 
similar  manner.  If  necessary,  the  number  of  k values  for 
such  a new  standard  could  be  reduced  from  the  forty  presented 
in  this  thesis.  "Optimum”  boundaries  such  as  those  for  the 
current  standard  can  be  constructed  for  Weibull  plans.  This 
would  improve  desired  performance  considerably  over  the  simple 
"right  angle”  truncated  plans  presented  here. 

It  is  also  hoped  that  researchers  in  the  field  will 
begin  to  use  Weibull  SPRT's.  Such  usage  could  help  con- 
siderably by  providing  the  feedback  necessary  to  develop 
the  plans  into  easy  to  use,  efficient  tools. 
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ACCELERATE!)  TEST  H/0  REPLACEMENT 
INPUT  ALPHAS  .090  INPUT  BETA*  .090 
MULTIPLICATION  FACTORS  1.50  NMAXs  5000 


K 

ALPHA 

BETA 

N ( 0 ) 

N ( 1 ) 

T (0) 

Til) 

• 50 

• 075 

• 075 

112.20 

124.55 

5.463 

7.592 

.52 

.079 

• 070 

105.24 

116.24 

4.925 

6.485 

• 5* 

• 077 

• 068 

97,09 

108.78 

4,482 

5.635 

• 56 

• 090 

• 071 

90.72 

99.84 

4.295 

4.974 

• 58 

• 089 

• 060 

84.66 

93,75 

3.782 

4.488 

• 60 

• 091 

• 074 

79.21 

88.30 

3.575 

4.128 

• 63 

• 090 

.066 

73.18 

82.41 

3.212 

2.681 

• 65 

• 081 

.073 

68.15 

77.75 

3.005 

3.558 

• 68 

• 091 

• 067 

63.  10 

71.33 

2.823 

2.997 

• 70 

• 086 

• 078 

59.61 

67.12 

2.656 

2.819 

.73 

• 084 

• 067 

54.45 

63.10 

2.410 

2.601 

• 75 

• 084 

• 068 

51.  50 

58.51 

2.427 

2.416 

• 80 

• 087 

• 075 

44.53 

51.87 

2.126 

2.157 

• 85 

.066 

• 066 

40.04 

46.50 

2.048 

1.984 

• 50 

o 087 

• 069 

35.87 

42.51 

1.919 

1.653 

• 95 

• 083 

• 369 

31,87 

37.33 

1.795 

1.668 

1*00 

• 081 

• 064 

28.99 

34.75 

1.711 

1.570 

1.10 

• 083 

• 058 

23.98 

29.42 

1.619 

1.420 

1*20 

• 081 

• 063 

20.71 

25.33 

1.591 

1.32  7 

1.30 

.073 

• 061 

17.38 

21.9G 

1.527 

1.279 

1*40 

• 077 

• 064 

15.22 

19.23 

1.495 

1.210 

1.56 

.071 

• 057 

13.  43 

17.36 

1.460 

1.170 

1.60 

• 078 

.055 

11.97 

15.31 

1.443 

1.114 

1.70 

.073 

• 053 

10. 4» 

13.82 

1.437 

1.124 

1.80 

• 076 

• 049 

9.  4f 

12.74 

1.430 

1.116 

1.90 

.072 

• 050 

8.71 

11.74 

1.397 

1.066 

2.00 

• 068 

• 046 

7.  85 

10.74 

1.410 

1.070 

2*10 

• 068 

• 052 

7.27 

9.92 

1.393 

1.044 

2.20 

• 066 

• 043 

6.63 

9.34 

1.379 

1.035 

2.30 

• 073 

• 041 

6.  16 

8.61 

1.370 

1.011 

2*40 

• 065 

• 039 

5.70 

8.06 

1.376 

1.014 

2.50 

• 072 

• 043 

5.32 

7.52 

1.376 

1.016 

2*80 

• 066. 

• 035 

4.25 

6.31 

1.358 

1.005 

3.00 

• 067 

• 339 

3.89 

5.67 

1.352 

.996 

3.30 

• 07Q 

• 031 

3.31 

4.98 

1.326 

.981 

3*60 

• 060 

• 031 

2.69 

4.43 

1.312 

• 996 

3.90 

.057 

• 024 

2.68 

4.13 

1.286 

• 953 

4.30  . 

• 050 

• 023 

2.26 

3.53 

1.268 

• 948 

4*60 

• 059 

• 025 

2.03 

3.12 

1.256 

.979 

5.70 

• 051 

• 021 

1«  60 

2.43 

1.217 

• 977 
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ACCELERATED  TEST  N/0  REPLACEMENT 
INPUT  ALPHA*  *050  INPUT  BETA*  .050 
MULTIPLICATION  FACTOR*  2. DC  NMAX*  500? 


K 

ALPHA 

BETA 

N(0) 

N ( 1 ) 

TCO) 

T (1) 

• 50 

4065 

• 058 

122.03 

135.04 

3.629 

4,517 

• 52 

• 065 

• 056 

111.65 

125.44 

2.989 

3,653 

• 54 

• 068 

• 061 

104.82 

113.66 

2.955 

3.069 

• 56 

• 071 

• 060 

98.01 

109.01 

2.596 

3.050 

• 58 

' .069 

• 053 

91.16 

100.91 

2.365 

2.720 

• 60 

• 061 

• 051 

84.90 

95.50 

2.211 

2.495 

• 63 

• 072 

• 058 

78.56 

89.13 

2.028 

2.180 

• 65 

• 059 

• 054 

72.95 

81.71 

1.896 

1.985 

• 68 

• 063 

• 052 

67,46 

76.31 

1.761 

1.860 

• 70 

• 064 

• 055 

63.05 

71.51 

1.669 

1.750 

• 73 

• 067 

• 053 

58.63 

67.27 

1.663 

1.653 

• 75 

• 059 

• 055 

54.40 

62.16 

1.523 

1.430 

• 80 

• 059 

• 056 

48.33 

56.44 

1.455 

1.433 

• 85 

• 067 

• 057 

42,35 

50.53 

1.378 

1.272 

• 90 

• 063 

c 047 

38.22 

45.37 

1.328 

1.221 

• 95 

• 066 

• 049 

34.55 

41.20 

1.  314 

1.165 

1.00 

• 066 

• 050 

31.41 

37,58 

1.262 

1.116 

1.10 

• 065 

• 043 

25.97 

31.64 

1.225 

1.026 

1.20 

• 060 

. 044 

21.82 

27.29 

1.197 

.975 

1*30 

• 058 

• 044 

19.00 

23.64 

1.198 

• 941 

1*40 

• 062 

• 046 

16.55 

20.67 

1.202 

• 918 

1*50 

• 069 

• 041 

14.65 

18.51 

1.228 

.934 

1.60 

• 062 

• 045 

12.  69 

16.21 

1.218. 

.897 

1*70 

• 059 

• 038 

11,47 

14.85 

1.  223 

• 894 

1.80 

• 053 

.0  37 

10.24 

13.54 

1.  203 

.869 

1*90 

• 058 

• 039 

9.18 

12.47 

1.  222 

• 931 

2.00 

• 059 

• 041 

8.47 

11.48 

1.243 

• 899 

2.10 

• 054 

• 035 

7.71 

10.66 

1.217 

• 872 

2.  20 

• 056 

• 032 

7.12 

9.92 

1.246 

• 892 

2.30 

• 049 

• 031 

6.51 

9.23 

1.232 

• 874 

2.40 

• 056 

• 030 

6.16 

8.54 

1.240 

• 861 

2.50 

• 048 

• 030 

5.62 

8.08 

1.240 

• 868 

2.80 

• 053 

• 026 

4.60 

6.80 

1.263 

• 889 

3*00 

• 043 

• 026 

4.15 

6.14 

1.264 

• 878 

3.30 

• 044 

• 025 

3.49 

5.31 

1.278 

• 90  0 

3.60 

• Q43 

• 016 

3.09 

4,70 

1,272 

• 393 

3*90 

• 047 

• 017 

2.74 

4.24 

1.267 

• 90  3 

4.  30 

• 038 

• 013 

2.32 

3.68 

1.257 

• 901 

4*60 

• 034 

• 013 

2*21 

3.39 

1.  243. 

• 879 

5.70 

• 033 

• on 

1.66 

2.60 

1.218 

• 923 
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ACCELERA TCO  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE*  10*0 
INPUT  ALPHA*  ••50  INPUT  RT As  .050 
MULTIPLICATION  FACTOR?  2.00  NSTANO*  1 


1C 

ALPHA 

3ETA 

NM'I 

N(i) 

TO 

TC1I 

• 50 

• 059 

• 052 

120. 30 

135.25 

364.328 

271.646 

• 52 

.049 

• 054 

110.15 

124.76 

311.050 

231.819 

• 54 

• 004 

• 061 

103.82 

114.05 

273.679 

209.18  5 

• 56 

• 060 

• 068 

93.81 

112.51 

236.264 

188.812 

• 58 

• 070 

• 048 

90.14 

99.36 

213.040 

154.629 

• 60 

• 061 

• 044 

84.14 

96.94 

191.481 

145.840 

• 63 

• 059 

• 063 

77.39 

89.95 

167.034 

129.80  4 

• 65 

• 064 

• 046 

73.84 

82.98 

150.996 

113.080 

• 68 

• 058 

• 049 

70.06 

75.91 

136.976 

99.022 

• 70 

•063 

• 046 

63.74 

70.29 

120 . 706 

88.158 

• 73 

• 001 

• 054 

57.40 

66.0  8 

105.817 

80.652 

©75 

o 066 

• 056 

54.69 

63  o 80 

97  c66<* 

76.419 

• 80 

• «66 

• 051 

47.67 

55.39 

81*415 

62.623 

.85 

• 058 

.055 

43.06 

49.93 

70.519 

54.402 

• 90 

• 071 

.055 

38.31 

45.10 

• 60.473 

47.496 

• 95 

• 065 

• 051 

34.70 

39.98 

53.207 

40.722 

1.00 

• 063 

. 063 

29.47 

37.50 

44. 795 

37.769 

1*10 

• 055 

. 047 

26.63 

31.97 

38.438 

30.888 

1.29 

• 055 

.051 

22.35 

26.92 

31.478 

25.356 

1*30 

.047 

• 049 

18.27 

23.27 

25.607 

21.451 

1.40 

• 070 

• 044 

16.17 

21.01 

22*072 

19.211 

1.50 

• 068 

• 044 

14.50 

18.61 

19.461 

16.890 

1*60 

• 061 

• 044 

12.98 

16.90 

17.374 

15.255 

1.70 

.057' 

. 041 

11.63 

14.98 

15.479 

13.450 

1.80 

• 046 

• 036 

10.31 

13.98 

13. 7|6 

12.552 

1*90 

.046 

. 033 

9.06 

12.46 

12. 170 

11.044 

2.00 

• 054 

• 030 

8.45 

U.4J 

11.236 

10.117 

2.10 

• 054 

• 029 

7.66 

10.61 

10.797 

9.626 

2.20 

• 054 

• 026 

6.97 

9.98 

9.246 

6.682 

2.3C 

• 047 

• 025 

6.43 

9.17 

8.5$7 

8.116 

2.40 

• 044 

• 030 

6*07 

9.39 

8.  090 

7.394 

2.50 

• 053 

• 025 

5.64 

7.95 

7.508 

7.011 

2*80 

.071 

• 031 

4.  85 

6.68 

6.353 

5.934 

3.00 

• 053 

• 018 

4.32 

6.25 

5.729 

5.596 

3*30 

• 039 

• 025 

3.37 

5.26 

4. 605 

4*728 

3*60 

• 045 

• 021 

3.04 

4,74 

4*133 

4*269 

3.90 

• 039 

• 022 

2*78 

4,15 

3.777 

3*739 

4.39 

• 031 

• 012 

2.26 

3.66 

3.123 

3.326 

4*60 

• 839 

• 014 

2.28 

3.42 

3.096 

3.143 

5.70 

• 032 

• 609 

1.63 

2.59 

2.266 

2.402 
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ACCELERATED  TESTS  WITH  REPLACEHENT 
MONTE  CARLO  SIZE  * 1000 

INPUT  ALPHA=  .050  INPUT  PET  A*  .05  0 
MULTIPLICATION  FACTOR*  2.00  NSTAN9*  2 


K 

AL°HA 

BETA 

N ( 0) 

N(  1) 

TCO) 

TCI) 

• 50 

. 055 

. 056 

119.58 

136. 27 

176.471 

135.209 

.52 

• 047 

.n52 

112.18 

126.94 

154.449 

117.065 

.54 

.063 

.065 

103.52 

117. 39 

133.116 

102.078 

.56 

. 055 

.073 

96.28 

112.42 

118.571 

93.446 

.58 

. 075 

.047 

91.20 

101.97 

105.299 

79.179 

• 60 

• 065 

.044 

85.05 

96.  87 

94,442 

72.  227 

.63 

. 054 

• 061 

76.97 

88.  96 

81. 828 

63.  *28 

• 65 

. 058 

.049 

73.92 

84.  14 

74.  383 

57.079 

• 68 

. 074 

.051 

69.91 

76.  06 

57.006 

49.  424 

.70 

.059 

.053 

64.56 

69.  68 

60.333 

43.  43  7 

.73 

. 062 

.043 

59.17 

66.  37 

53.503 

40,243 

.75 

. 051 

.059 

55.52 

63.  60 

49.098 

37.881 

.80 

.060 

.058 

48.78 

56.  14 

41. 135 

31.704 

.85 

.073 

.052 

43.20 

50.  87 

34.  878 

27.727 

• 90 

. 062 

.047 

38.65 

45.  00 

30.356 

23.587 

.95 

.079 

.080 

33.28 

40.63 

25.535 

21.014 

1.00 

.058 

.051 

31.63 

36.  85 

23.705 

18.400 

1.10 

.062 

.053 

26.29 

31.  36 

19.072 

15.182 

1.20 

. 951 

. 042 

21.60 

26.  77 

15.581 

12.575 

1.30 

• 061 

.044 

13.92 

23.  38 

13.30  7 

10. .369 

1.40 

. 060 

• 038 

16.18 

20.  92 

11.352 

9.609 

1.50 

. 059 

.042 

14.19 

ie.47 

9.906 

3.452 

1.60 

• 048 

• 043 

12.49 

16.  69 

3.774 

7.641 

1.70 

. 054 

.039 

11.28 

14.  35 

7.881 

6.733 

1.80 

. 058 

• 035 

10.1? 

13.  86 

7.  087 

6.312 

- 1.90 

• 050 

.032 

9.31 

12.  47 

6.577 

5.645 

2.00 

. 064 

.038 

8.62 

11.  28 

6.  059 

5.125 

2.10 

.058 

.028 

7.65 

10,  02 

5.449 

4.479 

2.20 

.062 

.034 

7.  ?6 

9.  99 

5.150 

4.597 

2.30 

• 052 

.031 

6.56 

9.  05 

4.  754 

4.128 

2.40 

. 054 

.029 

5.91 

8.70 

4.350 

4.  007 

2.50 

.043 

• 023 

5.74 

8.  13 

4.239 

3.737 

2.80 

.034 

.032 

4.57 

6.69 

3.507 

3. 117 

3.00 

• 053 

• 028 

4.13 

6.  24 

3.188 

2.964 

3.30 

• 031 

.025 

3.53 

5.  32 

2.819 

2,560 

3.60 

• 046 

.013 

3.15 

4.79 

2.557 

2.335 

3.90 

• 039 

.016 

2.72 

4.  24 

2.298 

2.105 

4.30 

. 045 

.023 

2.34 

3.  65 

2.050 

1.644 

4.60 

• 035 

.007 

2.14 

3.38 

1.935 

1.731 

5.70 

• 031 

.010 

1.67 

2.62 

1.640 

1.377 
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AC:ELERAT£0  TESTS  WITH  REPLACEMENT 
HCNT?  CARLO  SIZE  * 1000 

INPUT  ALPHA*  .050  INPUT  BET  A*  .050 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  3 


ALPHA 

BETA 

N ( 0) 

N ( 1) 

T(  0) 

T(i) 

50 

• 059 

► 05A 

119,12 

135.00 

114. 419 

88.303 

5? 

• 050 

• 055 

111.78 

125.21 

103. 455 

75.9  21 

5* 

• 061 

• 062 

102.73 

117.48 

86.696 

67.503 

53 

• 063 

.C76 

94.95 

112.47 

76.  442 

61.809 

55 

• 069 

• 058 

92.21 

100.82 

69.647 

51.800 

60 

• 069 

• 045 

84,79 

95.99 

61. 832 

47.813 

63 

• 066 

• C58 

76.75 

89.21 

53.406 

41.920 

65 

• 062 

.0  49 

74.72 

82.56 

49.377 

36.  981 

6S 

• 061 

• 059 

70.96 

75.82 

44. 891 

32.  7 45 

70 

e 059 

.053 

65.  Cl 

69,99 

39e  893 

28.910 

75 

• 068 

• 056 

59.47 

66.89 

35. 454 

26.984 

75 

• 0A7 

• 050 

55.51 

63.37 

32. 493 

24.  929- 

80 

• 069 

.056 

47.33 

55.24 

25.595 

20.547 

85 

• 069 

.057 

42.78 

53.82 

22.913 

13.  449 

90 

.37  A 

• 053 

38.10 

45.39 

19.842 

15.880 

95 

• 07  A 

• 062 

33.25 

41.13 

17.315 

14.0  83 

00 

• 96A 

.043 

32.68 

37.96 

15.  194 

12.573 

19 

.05  3 

.054 

26.05 

31.97 

12. 745 

10.383 

20 

• 068 

.051 

21.89 

27.40 

10.455 

8.692 

30 

.072 

.042 

13.58 

23.77 

3.  830 

7.411 

A0 

• 0A7 

• 044 

16.31 

20.85 

7.  774 

6.467 

50 

• 0A3 

• 045 

13.93 

.18.48 

6.  718 

5.711 

60 

• 05  A 

• C41 

12.79 

16.32 

6.107 

5.005 

73 

.053 

.3  35 

11.23 

15.18 

5.  412 

4.585 

80 

• 052 

• 041 

10.53 

13.40 

5.099 

4.126 

90 

• 063 

.032 

9.34 

11.82 

4.  554 

3.601 

03 

• 05A 

• 0 39 

8.18 

11.70 

4.111 

3.650 

13 

• 052 

.030 

7.83 

10.82 

3.931 

3.387 

29 

• 051 

• 036 

6.93 

9.98 

3.568 

3.143 

30 

.056 

• 031 

6.95 

9.26 

3.525 

2.924 

A3 

• 0 A3 

• 0 24 

6.13 

8.58 

3.239 

2.725 

53 

• 038 

• 02A 

5.69 

3.04 

3.043 

2.564 

90 

• 0A8 

• 020 

4.51 

6.82 

2.557 

2.239 

03 

• 0A0 

• 02? 

4.11 

6.25 

2.390 

2.084 

30 

• 0A6 

• 020 

3.65 

5.33 

2.179  ‘ 

1.813 

60 

.036 

• 021 

2.97 

4.73 

1.924 

1.553 

90 

• 033 

• 016 

2.78 

4.21 

1.837 

1.488 

30 

• 0A9 

• Oil 

2.42 

3.65 

1.678 

1.323 

60 

• 030 

• 018 

2.17 

3.43 

1.604 

1.275 

70 

• 02  A 

• 034 

1.62 

2.61 

1.401 

1.053 

r ' 

I;  f TEST  1-1 

.: 


ij 

ft 

K9 SHAPE  * .5000 
IN°UT  ALPHA*  .050 

0 ISC PINT NAT ION  PATIO*  1,500 
INPUT  OTTAs  .05  0 

;i 

i 

ECN)  = 

137.81146 

E CM)  MUL 

TIPLIER  = 

2.00 

.i 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

•i 

! 

1 

17.150 

0.000 

46 

66.866 

34. 775 

Ij  . 

2 

18.255 

0.  000 

47 

67.  971 

35.979 

| 

ii 

3 

19.360 

0.000 

48 

69.  075 

36.934 

4 

20.465 

0.000 

49 

7 0.19  0 

■*8.089 

5 

21.570 

0.000 

50 

71.235 

39. 194 

E 

6 

22.674 

n.ooa 

51 

72.  390 

40.299 

r 

7 

23.779 

o.oon 

52 

7 3.493 

41.403 

V 1 

8 

24.894 

o.noo 

53 

74.60  0 

42.  503 

l» 

9 

25.989 

0.000 

54 

75.704 

43.513 

Is 

10 

27.094 

0.  000 

55 

76.  80  9 

44.713 

11 

28.198 

0.  000 

56 

77.  914 

45.322 

fi 

i 

12 

29.393 

0.000 

57 

79.019 

46.927 

i 

13 

30  .•»  08 

0B  000 

58 

80.123 

48,032 

i 

i 

14 

31.513 

0.  000 

59 

81.228 

49.137 

i 

j 

15 

32.618 

.526 

60 

82.333 

50.242 

)\ 

16 

33. ^22 

1.531 

61 

83.  439 

51,346 

17 

34.927 

2.736 

6? 

84.543 

52.451 

;; 

18 

35.932 

3.841 

63 

85.  647 

53.556 

It  f 

X* 

19 

37.037 

4.945 

64 

85.752 

54.661 

j 

20 

33.141 

5.050 

65 

87.857 

55. 766 

(1 

21 

39.245 

7.155 

66 

83.962 

55. 370 

fi 

. 

22 

40.351 

8.260 

67 

90.067 

57.975 

j - 

23 

41.456 

9.364 

69 

91.171 

59. 080 

24 

42.561 

■ 10.469 

69 

92.276 

60.135 

i 

25 

43.555 

11.574 

70 

93.381 

61.290 

i 

26 

44.770 

12.679 

71 

94.486 

62. 394 

• i 

27 

45.875 

13.784 

72 

95.590 

63.499 

28 

46.990 

14.888 

73 

95.  695 

64.604 

ft 

29 

48.095 

15.993 

74 

97.800 

65.709 

j! 

30 

49.199 

17.098 

75 

96.905 

66. 913 

31 

50.294 

18.203 

76 

100.010 

67.918 

1 

32 

51.399 

19.30  8 

77 

10 1*.  11 4 

69.023 

l 

33 

52.504 

20.412 

78 

102.219 

70.129 

fi 

34 

53.609 

21.517 

79 

10  3.324 

71.233 

35 

54.713 

22.822 

SO 

10b,  429 

72.337 

36 

55.818 

23.727 

91 

105.  534 

^3.442 

' 

37 

56.923 

24.832 

82 

106.  638 

74,547 

38 

58.020 

25.936 

33 

107.  743 

75  . 652 

39 

59.132 

27.041 

94 

109.  849 

76.757 

1 

40 

60.237 

29.146 

85 

109.  953 

77.961 

• 

41 

61.342 

29.251 

86 

111.053- 

78.966 

. 42 

62.447 

30.355 

87 

112.162 

90.071 

it  /' 

43 

63.552 

31.450 

99 

113.  267 

91.176 

! (j 

44 

64.656 

32.565 

89 

114,372 

82.291 

m 

45 

65.761 

33.670 

90 

115.477 

83.365 
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TEST 

ACCE°T 

REJECT 

181 

216.012 

183.921 

182- 

217.117 

185.026 

183 

218.222 

186.131 

184 

219.377 

197.235 

185 

220.432 

188.340 

186 

221.536 

189.445 

187 

222.641 

190.550 

188 

223.746 

191,655 

189 

224.851 

192.759 

190 

225.955 

193.864 

191 

227.0  50 

194.959 

192 

228.185 

196.074 

193 

229 .2T0 

197.179 

194 

230.375 

198.283 

195 

231.430 

199. 3«9 

196 

232.534 

200.493 

197 

233.539 

201.598 

198 

234.794 

202.703 

199 

235.899 

203.807 

200 

237.003 

204.912 

201 

238.108 

205.017 

202 

239.213 

207.122 

203 

2^0.313 

208.228 

204 

241.423 

209.331 

205 

242.527 

210.436 

206 

’ 243.532 

211.541 

207 

244.737 

212.846 

206 

245.842 

213.750 

209  - 

246.947 

214.855 

210 

248.051 

215.950 

211 

249.156 

217.066 

212 

250.261 

218.170 

213 

251.365 

219.274 

214 

252.471 

220.379 

215 

253.575 

221.494 

216 

254.630 

222.539 

217 

255.785 

223.594 

218 

256.890 

224.798 

219 

257.994 

225.903 

220 

259.099 

227,008 

221 

260.204 

228.113 

222 

261.309 

229.217 

223 

262.414 

230.322 

224 

263.513 

231.427 

225 

264.623 

232.532 

TEST 

ACPE*>T 

REJECT 

271 

304.922 

283.352 

272 

304.922 

284.457 

273 

304.922 

285.562 

274 

304.922 

286.666 

275 

304.972 

287.771 

276 

304.922 

288.876 

TEST 

ACCEPT 

REJECT 

226 

265.728 

233.637 

227 

266.833 

2 34.  741 

223 

267.  939 

2 35,546 

229 

269.042 

2 36.951 

230 

270.147 

2 38.056 

231 

271.  252 

239.161 

232 

272.357 

240.265 

233 

273.  462 

241.370 

234 

274.  565 

242.475 

235 

275.671 

243.580 

23  6 

276.776 

244.685 

237 

277.881 

245.789 

238 

278.985 

2 46.894 

239 

280.090 

2 47.999 

24  0 

281.195 

2 >»9.  104 

241 

232.300 

250.208 

24  2 

283.405 

251,313 

243 

284.509 

252.413 

244 

285.614 

253  . 523 

245 

285.719 

2 54.528 

246 

287.824 

255.732 

247 

288.  929 

256.837 

24  9 

290,033 

2 57.942 

249 

291.139 

25®.  047 

25  0 

292.243 

250. 152 

251 

293.  34  3 

261.256 

252 

294.  453 

252  . 361 

25  3 

295.557 

263.465 

254 

296.  662 

264.571 

255 

297.767 

2 55.  575 

25  6 

299.872 

266.730 

257 

299.976 

267.585 

25  8 

301.031 

268.990 

259 

302.136 

270.095 

260 

303.  291 

271.199 

261 

304.396 

272.304 

26  2 

304. 92? 

273,409 

263 

304.  922 

2 74, 514 

264 

30^,922 

2 75.519 

265 

304.922 

276.723 

26  6 

•304.922 

277.328 

267 

304.  922 

278.933 

263 

304.  922 

230,038 

259 

304.922 

‘ 231.143 

27  0 

304.  922 

282.247 

1 1 
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INPUT 

ECN) 

* * .5200 
ALPHfts  .050 
* 12*2.74758 

TEST  1-2 

0ISCRIMTNATI9M  RATIO*  1.500 

INPUT  o-TAs  .05  0 

E(N>  MULTIPLIER  * 2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

i 

16.508 

0.000 

46 

66.509 

35.531 

2 

17.707 

0.000 

47 

67.618 

36.640 

3 

18.816 

0.000 

43 

68.  72 7 

37.749 

' • 4 

19.026 

0.000 

49 

69.835 

38.859 

5 

21.0  75 

0.000 

50 

70.  945 

39.967 

6 

22.144 

0.000 

51 

72.  054 

41.075 

7 

23.253 

0.000 

52 

73.163 

42.195 

8 

24.362 

0.  000 

53 

74.273 

43.294 

9 

25.431 

0.000 

54 

75.382 

44. 404 

10 

26.580 

0.000 

55 

76.  491 

45.513 

11 

27.639 

0.000 

56 

77.600 

46. 522 

12 

28.299 

0.000 

57 

7 3.  709 

47.731 

13 

29.008 

0.  000 

53 

79.818 

49.  940 

14 

31.017 

.039 

59 

80.927 

4P. 949 

15 

32.126 

1.148 

60 

82.036 

5W059 

16 

33.275 

2.257 

5 1 

8 3.  146 

52.167 

17 

34.344 

3.366 

62 

84.  25*? 

53.277 

18 

35.453 

4.475 

63 

85.  364 

54. 386 

19 

36.562 

5.534 

64 

86.  473 

55. 495 

20 

37.572 

5.593 

65 

87.  532 

56.504 

21 

38.781 

7.803 

66 

89.691 

57.713 

22 

39.810 

8.912 

67 

89.800 

58.822 

23 

40.000 

10.021 

68 

90.  909 

59.931 

24 

42.108 

11.130 

69 

92.  019 

61.040 

25 

43.217 

12.239 

70 

93.128 

52.150 

26 

44.326 

13.348 

71 

94.237 

53. 259 

27 

45.435 

14.457 

7 2 

95.  346 

64.359 

28 

46.545 

15.566 

73 

96.  455 

55.  477 

29 

. 47.654 

16.575 

74 

97. 564 

65.586 

30 

48.763 

17.79  5 

75 

99.  673 

57.  695 

31 

49.872 

18.894 

76 

99.782 

63.804 

•32 

50.931 

20.00  3 

77 

100.892 

59.913 

33 

52.000 

21.112 

78 

10  2.001 

71.023 

34 

53.199 

22.221 

79 

103.110 

72.132 

35 

54.309 

23.33  0 

30 

10  4.219 

73.241 

36 

55.417 

24.439 

81 

10  5.  329 

*%•  350 

37 

56.527 

25.543 

82 

106. 43’ 

38 

57.636 

26.659 

83 

107,  545 

75  , 5 68 

39 

58.245 

27.767 

84 

10  9.  655 

77.577 

40 

59.354 

28.876 

85 

109.  764 

79  . 796 

41 

60.063 

29.995 

86 

110.874  • 

’9.895 

42 

62.072 

31.094 

87 

111.  983 

91.0  05 

43 

63.131 

32.203 

88 

113.  092 

92.114 

( 44 

64.290 

33.312 

89 

114.  201 

93.223 

45 

65.400 

34.421 

90 

115.310 

94.  332 

Acre^r 

9EJ5CT 

116.419 

85.441 

117  .5?3 

86.55  0 

118.697 

87.659 

119.747 

88.788 

128.896 

89.878 

121.965 

90.987 

123.874 

92.096 

124.183 

93.20  5 

125.292 

94.314 

126.401 

95.423 

127.518 

96.932 

123.620 

97.841 

129.729 

98.751 

130.838 

99.38  0 

131.947 

100.959 

133.856 

182.878 

134.165 

103.187 

135.274 

104.296 

136.383 

105.405 

137.493 

185.914 

133.682 

107,624 

139.711 

108.733 

148.8  20 

189.342 

141.929 

110.951 

143.838 

112.060 

144.147 

113.159 

145.256 

114.278 

146.366 

115.33  7 

147.475 

116.497 

148.534 

117.606 

149.693 

118.715 

150.882 

119.824 

151.911 

120.933 

153.0  28 

122.042 

154.1*9 

123.151 

155 .?7q 

124.260 

156.348 

125.370 

157 .457 

126.479 

158.566 

127.588 

159.675 

128,697 

160.734 

129.806 

161.893 

130,915 

1S3.882 

132.024 

164.112 

133.133 

165.221 

134.242 

rH 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

181 

216,240 

185.262 

226 

266.  151 

235.173 

182 

217,349 

186.371 

227 

267.  260 

236.282 

183 

218,499 

18T.480 

22  3 

263.369 

2 37.391 

184 

219,568 

188.590 

229 

269.  473 

236.500 

185 

220.6  V 

189.699 

23  0 

270.587 

2 7Q« 609 

186 

221.786 

190.908 

231 

271.  696 

240.7  18 

187 

222.895 

- - 491*94*  - - 

23 2 • - 

- -272.-806 

241.927 • - -1 

188 

224,004 

193.026 

23  3 

273. 915 

242  . 337 

189 

225.113 

194.135 

234 

275.024 

2 44.  046 

190 

225.222 

195.244 

235 

275.133 

245.155 

191 

227. *3? 

196.353 

235 

277. 242 

246  . 264 

192 

278,441 

197.467 

237 

273.351 

247,  373 

193 

229.550 

198.572 

238 

279.  460 

2 48  . 492 

194 

230.639 

199.691 

239 

280,569 

249.  591 

195 

231. 7S8 

200.790 

240 

281.679 

250. 700 

- 196 

732.877 

201.599 

241 

232.783 

251.910 

197 

233.936 

203. 008 

242 

283.  897 

252.919 

198 

235.095 

204.117 

24  3 

283.935 

254.  029 

199 

236.204 

205.226 

244 

283.935 

255.137 

200 

237.314 

205.335 

245 

283.935 

256.246 

201 

238.423 

207.445 

24  6 

283.  935 

257,355 

202 

239.5  32 

205.554 

247 

283.  935 

2 58.464 

203 

240.641 

209.653 

24  8 

283.935 

2 59  . 573 

204 

241.750 

210.772 

249 

283.  935 

260.982 

205 

242.9  39 

211.831 

25  0 

283.935 

261.792 

206 

243.968 

212.990 

251 

283.935 

262.301 

207 

245.077 

214.099 

252 

283.935 

264.010 

208 

246.187 

215.208 

25  3 

293.935 

255.119 

209 

247.296 

216.319 

254 

283.  935 

266.229 

210 

248.405 

217.427 

255 

283.935 

267.337 

211 

249.514 

218.536 

25  6 

283.935 

268.449 

212 

250.523 

219.645 

213 

251.732 

220.754 

• 

214 

252.841 

221.863 

215 

253.950 

222.972 

216 

255.060 

224.051 

| i 

217 

256.159 

225.191 

218 

257.2V 

225.300 

219 

258.387 

227.409 

220 

259.4  96 

228.518 

221 

250.605 

229.627 

222 

261.714 

230.736 

223 

262.823 

231.345 

224 

263.933 

' 232.954 

225 

265.0  42 

234,064 

• 

r • 

1 i 
£ 

O 
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TEST  1-3 


i 

i 

i 


I,  i 

I 

1 


I 

! 

i 

j. 


I 


. 

' 

' 

i 

» 


k.sm  ap- 

* .5*00 

DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .050 

INPUT  OITA* 

• 05  0 

E(N) 

* 11  A.  76935 

E (N)  MULTIPLIER  * 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

- REJECT 

1 

16.087 

0.000 

46 

66.193 

36  . 246 

2 

17.201 

o.ono 

47 

67.307 

37  . 359 

.3 

18.314 

0.000 

49 

63.  420 

38.473 

4 

19  .429 

0.000 

49  v 

69.  534 

39.586 

5 

20.541 

0.000 

50 

70.647 

40.700 

6 

21.655 

0.000 

5.1 

71.761 

41.913 

7 

22.258 

0.000 

52 

72.  874 

42  , 9 26 

8 

23.892 

0.000 

53 

73.939 

44,040 

9 

24.995 

0.000 

54 

75.101 

45.153 

10 

26.109 

0.000 

55 

76.  215 

46.267 

11 

27.2*2 

0.000 

56 

77.323 

47.380 

12 

28.335 

0.000 

57 

78.441 

48  . 494 

13 

29.449 

0.000 

58 

79.555 

49.50* 

14 

30.552 

o 615 

59 

8 0.668 

50,721 

15 

31.676 

1.728 

60 

81.782 

51.9  34 

16 

32.7  39 

2.942 

61 

82.895 

52.949 

17 

33.903 

3.955 

62 

84.009 

54.061 

18 

35.016 

5,059 

63 

85.122 

55.175 

19 

36.130 

6.192 

64 

36.  236 

56. 289 

20 

37.243 

7.296 

65 

87.349 

57.402 

21 

38.357 

8.409 

66 

83.  463 

59.515 

22 

39.4*0 

9.522 

67 

89.  576 

59.628 

23 

40.5  94 

10.636 

68 

90.690 

60.742 

24 

41.697 

• 11.749 

69 

91.803 

61.955 

25 

42.811 

12.863 

70 

92.  91* 

62.969 

26  • 

43.924 

13.976 

71 

94.030 

64. 082 

27 

45.037 

15.090 

72 

95.  143 

65.196 

28 

46.151 

15.203 

73 

96.  257 

65.309 

29 

47.264 

17.31* 

74 

97.370 

67.  423 

30 

48.378 

18.430 

75 

99.48  4 

68.535 

31 

49.491 

19.544 

76 

99.  597 

69.550 

32 

50.605 

20.657 

77 

100.711 

70.763 

33 

51.718 

21.771 

78 

101,824 

*1.977 

34 

52.832 

22.884 

79 

10  2.933 

72.990 

35 

53.945 

23.998 

SO 

104.051 

*4.104 

36 

55.059 

25.111 

31 

105.165 

75.217 

37 

56.1*2 

26.22  4 

82 

106.278 

75  . 3 3 0 

38 

57.285 

27.33  8 

83 

107.  392 

77  . 444 

39 

58.399 

28.451 

84 

109.505 

79.557 

40 

59.513 

29.555 

85 

109.619 

*9.571 

41 

60.626 

30.678 

86 

110.732 

30.784 

42 

61.739 

31,792 

87 

111.845 

81.393 

43 

62.853 

32.905 

88 

112.  959 

83.011 

44 

63.956 

34.ni9 

89 

114.072 

94.125 

45 

65.0  90 

35.132 

90 

115.  186 

95.238 

t 

i 

I 
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• 

TEST 

ACCENT 

REJECT 

TEST 

• 

ACCEPT 

REJECT 

91 

116.299 

86.352 

136 

166.40  8 

136,458 

92 

117. *13 

87.465 

137 

167.519 

137.  571 

93 

116 .526 

68.579 

138 

168.  632 

1 38.  685 

- - -94  --- 

119.6*0 

89.692  - 

139 

169.746 

1-3*.79S 

95 

120.7  53 

90.806 

140 

170.659 

140.912 

■ 96 

121.867 

91.919 

141 

171.  973 

142.023 

97 

122.980 

93.033 

142 

173.086 

1*3.139 

96 

124.094 

94.146 

143 

174.200 

144.  252 

99 

125.207 

95.259 

144 

175.313 

1 45.  365 

100 

125.321 

95.37  3 

145 

176.427 

146.  479 

101 

127.434 

97.466 

146 

17’.  540 

147.592 

102 

128.547 

98.600 

147 

178.654 

148  . 7 06 

103 

129.651 

99.713 

148 

179.  767 

149.  319 

10* 

130 .7^4 

100.827 

149 

180.830 

150.  933 

105 

131.888 

101.940 

15  0 

181.  994 

152.045 

106 

133.001 

103.054 

151 

183.10  7 

153.160 

107 

134.115 

104,157 

152 

184.  221 

154.273 

106 

135.228 

105.281 

15  3 . 

185.334 

155,387 

109 

136.3*2 

106.394 

15  4 

186.  448 

156.  300- 

110 

137.455 

. 107.508 

155 

187.  561 

157.514 

111 

136.589 

108.621 

156 

188.  675 

138.727 

112 

139.682 

109.735 

157 

189.788 

159.841 

113 

1*0.796 

110.848 

15  8 

190.902 

160.954 

11* 

1*1.909 

111.961 

159 

192.015 

162.067 

115 

1*3.0  23 

113.075 

16  0 

193.  129 

163.181 

116 

144.135 

114.183 

161 

194.  242 

164.294 

117 

145.250 

115.302 

16  2 

195.  356 

165.408 

116 

146.363 

116.415 

16  3 

196.469 

166.521 

119 

147.4^5 

117.529 

164 

197.582 

157,  635 

120 

148  .590 

118.642 

16  5 

198.696 

158.748 

121 

149.703 

119.756 

166 

199.  809 

169.962 

122 

150.817 

120.869 

167 

200.  923 

170.975 

123 

151.930 

121.983 

16  3 

2 02.036 

132,089 

12* 

153.044 

123.096 

16  9 

203.  150 

173.202 

125 

154.157 

124.210 

17  0 

204.263 

174.316 

• 126 

155 .271 

125.323 

171 

205.  377 

175.429 

- 127 

156.364 

126.437 

17  2 

20  6.  490 

176.543 

. 126 

157.498 

127,550 

17  3 

207.604 

177.556 

129 

168.611 

126.663 

174 

208.  717 

178.769 

- 130 

159.725 

129.777 

17  5 

209.831 

179.383 

131 

160.835 

- 130.390 

176 

210,  944 

180.996- 

-132 

161.952 

132.004 

177 

212.  058 

182.110 

133 

163.065 

133.117 

17  8 

213.171 

183.223 

- 13* 

164.178 

134,231 

179 

214.284 

184.337 

135 

165.292 

135.344 

13  0 

215.398 

185.450 

120 

TEST 

AC^»T 

REJECT 

181 

216.511 

186.564 

18? 

217.625 

187.677 

183 

218.738 

188.791 

184 

219.952 

189.90  4 

185 

220 .965 

191.013 

186 

222.079 

192.131 

187 

223.192 

193.245 

188 

224.306 

194.353 

- 189 

225.419 

195.47  2 

190 

226.533 

196.585 

191 

227.646 

197.59  3 

192 

229.760 

198.812 

193 

229.8  73 

199.325 

194 

230.996 

201.039 

195 

232.100 

202.152 

196 

2 73.213 

203.266 

197 

234.327 

204.379 

198 

235.440 

205.493 

199 

236.554 

206.606 

200 

237.667 

207.720 

201 

238.7  91 

208.833 

202 

239.994 

209.947 

203 

241.008 

211.060 

204 

242.121 

212.174 

205 

243.235 

213.287 

206 

244.348 

214.40  0 

207 

245.462 

215.514 

208 

246.575 

216.627 

209 

247.5  99 

217.741 

210 

248.802 

218.854 

211 

249.915 

219.958 

212 

251.029 

221.031 

213 

252.142 

222.195 

214 

253.256 

223.30  8 

215 

254.769 

224.422 

216 

255.493 

225.535 

217 

256.595 

226.649 

218 

257.710 

227.  7S  2 

219 

258.923 

228.876 

220 

259.977 

229.98  9 

221 

261.050 

231.102 

• 222 

262.164 

232.216 

' 223 

253.277 

233.329 

224 

264.391 

234.  4U3 

225 

265.005 

235.556 

TEST 

ACCEPT 

REJECT 

22  6 

265.  005 

276.570 

227 

265.005 

27%  763 

22  8 

265.005' 

2 78.897 

229 

265.  005 

240.  010 

23  0 

265.005 

241.124 

231 

265.005 

2 42.237 

23  2 

265.005 

247.351 

233 

265.005 

244.464 

234 

265.005 

245.573 

23  5 

265.005 

246.691 

236 

265.005 

247.  304 

237 

265.005 

248.918 

23  8 

265.  005 

250.031 

121 


TEST  1-4 


Kt  SHAPE 

= .5  600 

DISCRIMINATION  PATIO*  1.500 

INPUT  AL®HA*  .050 

INPUT  9ITA* 

.05  0 

E(N) 

= 110.  ’252  3 

E (N)  MULTIPLIER  = 

2.00 

TEST 

ACriPT 

REJECT 

TEST 

ACCEPT 

— - 1 - 

- 15.613 

- - , 0.000 

46 

-65.  915 

2 

16.731 

0.000 

47 

67.  033 

3 

17.849 

0.000 

48 

68.  151 

4 

18.967 

0.  00  0 

49 

69.269 

5 

20.035 

0.008 

50 

70.387 

6 

21.202 

0.000 

51 

71.504 

7 

22.320 

0.000 

52 

72.622 

8 

23.478 

0.  000 

53 

73.  740 

9 

24.556 

0.000 

54 

74.  85  3 

10 

25.674 

0.000 

55 

75.  976 

11 

26.792 

0.000 

56 

77. 094 

12 

27.909 

0.000 

57 

78.  211 

13 

29.0  27 

.036 

58 

79.  329 

14 

30.145 

1.154 

59  • 

90.  447 

15 

31  i 2 63 

2.272 

60 

81.565 

16 

32.3  31 

3.390 

61 

82.683 

17 

33.499 

4.507 

62 

83.  801 

16 

34.516 

5.625 

63 

84.  919 

19 

35.734 

6.743 

64 

85.035 

20 

36.852 

7.861 

65 

87.  154 

21 

37.970 

8.979 

66 

33.  272 

22 

39.088 

10.097 

67 

89.  390 

23 

40.205 

11.214 

68 

90.507 

24 

41.323 

12.332 

69 

91.  625 

25 

42.441 

13.450 

70 

92.  743 

26 

43.559  . 

14.55  8 

71 

93.861 

27 

44.677 

15.63  6 

72 

94,979 

28 

. 45.795 

16.804 

73 

96.  097 

29 

46.912 

17.921 

74 

97.214 

30 

48.0  30 

19.039 

75 

99.  332 

’ 31 

49.148 

20.157 

76 

99.  45  0 

32 

50.256 

21.275 

77 

10  0.  56  3 

33 

51.334 

22.393 

73 

101.686 

34 

52.502 

23.510 

79 

102.804 

35 

53.619 

24.628 

30 

103,921 

36 

54.777 

25.746 

81 

105.039 

37 

55.855 

26.864 

32 

106,157 

38 

56.9T3 

27.932 

83 

107.  275 

39 

58.091 

29.  10  0 

84 

10  3.393 

60 

59.208 

-70.217 

85 

109.  510 

41 

60.726 

31.335 

86 

110.623  . 

42 

61.444 

32.453 

87 

111.746 

43 

62.562 

33.571 

88 

112.864 

66 

63.630 

34.689 

89 

113.982 

45 

64.798 

35.807 

90 

115.100 

REJECT 
- -36.924 
33.0  42 
39.160 

40.2  73 
41.396 
42.513 
43.631 
44  . 749 
45.367 
4S. 935 
43.103 
49.220 
50.338 
51. 456 
52. 574 
53.692 
54.  8 09 
55.927 
57.045 
58.163 
59.281 

50.3  99 
51.516 
62.534 
53. 752 
54.370 
65.988 
57.106 
68.223 
69.341 
70.459 
71.577 
72. 695 
73.312 
74.930 
76  . 0 48 
77.166 
73.284 
79.402 
30.519 
31.537 
32.755 
83.873 
84.  991 
36.109 


122 


( 


TEST 

AC^°T 

REJECT 

TEST 

ACCEPT 

REJECT 

91 

116. ?17 

87.226 

136 

166.519 

t 37.  523 

92 

117.335 

88.344 

137 

16*.  637 

138.643 

93 

116.453 

89.462 

13  8 

168.  755.  . 

139  . 7 64 

94 

119.671 

90.580 

139 

169.  873 

140.882 

--  95 

120.609 

91.698 

14  0 

170.  991 

142.000 

96 

121.807 

92.815 

141 

172.109 

143.118 

97 

122.924 

93.933 

142 

17  3.226 

144.235 

98 

124.042 

95.051 

143 

174.  344 

145.353 

99 

125.160 

96.159 

144 

175.  462 

146.471 

100 

126.2*8 

97.257 

145 

175.580 

147,599 

101 

127.396 

98.405 

146 

177.698 

148.  7 07 

102 

128.513 

99.522 

147 

178.815 

149,924 

103 

129.671 

100.64  0 

143 

179.933 

150.942 

104 

130.749 

101.758 

149 

181.051 

152.060 

105 

131.8  67 

102,876 

15  0 

182.169 

153.178 

106 

132.985 

103.994 

151 

183.28* 

154.296 

107 

134.103 

105.112 

15  2 

184.  40« 

135. 414 

106 

135.220 

106.229 

15  3 

135,522 

156.531 

109 

136.378 

107.347 

154 

185.  640 

1 57.  649 

110 

137.456 

108.465 

15  5 

187.  753 

153.767 

.111 

138.5*4 

109.537 

156 

183.  376 

139.335 

112 

139.692 

110.701 

15  7 

199.  994 

151.003 

113 

140.810 

111.  818 

158 

191.112 

152.120 

114 

141.927 

112.936 

159 

• 192.229 

163.238 

115 

143.045 

114.  054 

16  0 

193.  347 

154.356 

116 

144.163 

115.172 

161 

194.  465 

165.474 

117 

145.231 

116.290 

162 

195.583 

1 56. 592 

118 

146.399 

117.408 

163 

196.701 

167,  710 

119 

147.516 

118.525 

164 

197.  818 

163.827 

120 

148.674 

119.643 

165 

193.935 

159.945 

121 

149.752 

120.761 

16  6 

200,054 

1*1.063 

122 

150,370 

121.879 

157 

201.  172 

172.181 

123 

151.988 

122.997 

16  8 

202.  290 

1*3.299 

124 

153.106 

124.115 

169 

203.403 

174.417 

125 

154.223 

125.232 

170 

204.525- 

175.534 

126 

155.341 

125.350 

171 

20  5.643 

176.552 

. 127 

156.459 

127.45  8 

17  2 

206.761 

177.770 

. 128. 

157.5*7 

128.596 

173 

207.  879 

* 1*9.833 

. 129 

158.695 

129.704 

174 

20  8.  997 

130.006 

130 

159.813 

130.821 

17  5 

210.115 

181.123 

. 131 

160.970 

131.979 

176 

211.232 

152  . 241 

13? 

162.048 

133.057 

177 

212.350 

153.359 

. 133 

163.166 

134.175 

178 

213.468 

154.477 

134 

164.234 

135.293 

17  9 

214.586 

1 35. 595 

115 

165.402 

136.411 

180 

215.  704 

136.711 

i 


i 


\ 

i 


123 


! 

* 

1 » 

! 

p ( 

M 

H 

K»  SHAP 

* .5800 

INPUT 

ALPHA*  .05 

? i 

p 

E(N) 

* 10  3.489 

TEST 

ACCENT 

[] 

• 

1 

15.173 

j 

2 

16.295 

3 

17.417 

4 

18.539 

5 

19.661 

i 

6 

20.793 

V 

j 

7 

21 .906' 

*• 

8 

23.029 

9 

24.150 

i 

I 

: 

10 

25.272 

11 

•„*  26 .394 

12 

27.517 

i 

13 

28.639 

1 

i 

14 

29.761 

| 

15 

30.883 

J 

16 

32.005' 

17 

33.128 

; 

18 

34.250 

: 

19 

35.372 

; 

20 

36.494 

j 

21 

37.615 

22 

38.739 

23 

39.861 

24 

40.933 

• 

25 

42.105 

j 

26 

43.227 

< 

i 

27 

44.349 

? 

i 

28 

45.47? 

29 

46.594 

30 

47.716 

31 

48.938 

32 

49.960 

1 

33 

51,093 

34 

52.205 

35 

53.327 

36 

54.449 

37 

55.571 

38 

56,694 

£ 

39 

57.816 

‘ 

40 

58.938 

| 

41 

60.060 

I* 

42 

61.192 

1 

m I 

/ 

43 

62.304 

1 44  63.427 

45  64.549 

I 

B 


TEST  1-5 

"ISCSIM! NATION  PATIO*  1.500 
0 INPUT  R=TA  = .050 

50  E(N>  MULTIPLIER  = 2.00 


REJECT 

TEST 

ACCEPT 

0.000 

46 

65.671 

0.000 

47 

66.  793 

0.000 

48 

67.915 

0.000  . 

49 

*69.038 

0.000 

5 0 

70.  160 

0.  000 

51 

71.292 

0.000 

52 

72.404 

0.  000 

53 

73.526 

o.  ono 

54 

74.649 

0.000 

55 

75.771 

0.000 

56 

76.893 

0.000 

57 

73.  015 

.538 

53 

79o  137 

1.660 

59 

80.260 

2.782 

60 

81.382 

3.905 

61 

82.50  4 

5.027 

62 

83.626 

6.149 

63 

84.748 

7.271 

64 

85.87  0 

9.393 

65 

85.  993 

9.516 

66 

88.115 

10.639 

67 

89.  237 

11.76  0 

68 

90.  359 

12.832 

69 

91.  431 

14.004 

70 

92.604 

15.127 

71 

93.  726 

15.249 

72 

94. 843 

17.371 

73 

95.  970 

18.493 

74 

97.092 

19.615 

75 

98.215 

20,738 

76 

9R,  337 

21.850 

77 

100.  459 

22.93  2 

78 

101.581 

24.10  4 

79 

102.703 

25.226 

80 

103.  826 

26.348 

81 

10  4,948 

27.471 

82 

106.070 

28.593 

' 83 

107.192 

29.715 

84 

108.314 

30.837 

85 

109.  436 

31.959 

86 

110.559 

33.082 

87 

111.  681 

34.204 

88 

112.803 

35.326 

89 

113.925 

36.448 

90 

115.  047 

REJECT 

37.570 
33.5  93 
39.315 
40.9  37 
42  . 0 59 

♦ 43.181 

* 44.303 
45.426 
46. 543 

47.570 
43.  792 
49.914 
51.037 
52,159 
53  . 281 
54.403 
55.525 
56.  543 
57. 770 
58.  39? 
60.014 
61.136 
62.259 
63. 381 
64.503 
65.625 
66. 747 
67. 869 
68.392 
▼0.114 
71.236 
’2.353 
73.480 
’4. 603 
75.  725 
▼5. 847 
77  . 969 
79.091 
80.214 
81.336 
32.458 
93.580 
34.702 
95.325 
96.947 


I 


c 


|; 


TEST 

ACCEPT 

REJECT 

91 

116.170 

88.059 

92 

117.292 

89.191 

93 

118.414 

90.313 

99 

119.536 

91.435 

95 

120.658 

92.55  8 

96 

121.731 

93.63  0 

97 

122.913 

94.80  2 

96 

124.025 

95.92  4 

99 

125.147 

97.046 

100 

126.269 

98.159 

101 

127.391 

99.291 

102 

128.514 

100.413 

103 

129.636 

101.535 

104 

130.753 

102. 65? 

105 

131.830 

103.790 

106 

133.002 

104.90  2 

107 

134ct?5 

106.024 

108 

135.247 

107.146 

109 

136.369 

108.258 

110 

137.491 

109.390 

111 

138.613 

110.513 

112 

139. ’35 

111.635 

113 

140.358 

112.757 

114 

141.930 

113.879 

115 

143.102 

115.001 

116 

144.224 

116.124 

117 

145.347 

117.246 

118 

146.469 

118.358 

119 

147.591 

119.490 

120 

148.713 

120.612 

121 

149.835 

121.735 

122 

150.957 

122.357 

123 

152.080 

123.979 

124 

153.202 

125.101 

125 

154.374 

125.223 

126 

155.446 

127.346 

127 

156.568 

128.468 

128 

157.591 

129.590 

129 

158.813 

130.712 

130 

159.935 

131.834 

131 

161.057 

132.956 

132 

162.179 

134.079 

133 

163.302 

135.201 

134 

164.424 

136.323 

135 

165.546 

137.445 

TEST 

ACCEPT 

REJECT 

136 

166.  668 

138  . 5 67 

137 

167.  790 

139.  690 

138 

168.912 

. 140.812 

139 

170.035 

141.934 

140 

171.157 

143.056 

141 

172.279 

1 ‘♦4.  178 

142 

173.401 

145.301 

143 

174.523 

1 46. 423 

144 

175.646 

1 4t.  545 

145 

176.763 

143.667 

146 

177.890 

1 49#  7 89 

147 

179.  012 

130.  311 

14  8 

180.134 

152.034 

14  9 

181.257 

153,  156 

15  0 

182.379 

154.278 

151 

183.501 

155.  400 

15  2 

184.623 

156.522 

15  3 

185.745 

157,  645 

15  4 

186.  863 

158.767 

155 

187.990 

159.889 

156 

189.112 

161.011 

157 

190.  234 

162.133 

15  8 

191.356 

153.256 

159 

192.  478 

154.  373 

16  0 

193.601 

155.500 

161 

194.723 

166.622 

162 

195.845 

167.744 

16  3 

196.967 

163.867 

164 

198.089 

159.989 

165 

199.212 

171.111 

166 

20  0.  334 

1’2. 233 

167 

201.456 

1*^3.  355 

16  3 

202.578 

174.477 

169 

20  3.  70  0 

175.  60n 

17  0 

204.823 

176.722 

171 

205.945 

177.944 

17  2 

207.067 

1 T8. 966 

173 

208*139 

130.  098 

174 

209.311 

191.211 

17  5 

210.433 

192.333 

176 

211.  556 

133.455 

177 

212.  678 

134.577 

17  3 

213.80  0 

135.599 

179 

214.922 

186.822 

18  0 

216.044 

187.944 

V 

* 

* 


126 


N 

8 


ii 


I 

1 ! 


i 


TEST 

ACCENT 

REJECT 

181 

2t?.157 

189.066 

182 

218.219 

190.138 

183 

219.411 

191.310 

184 

220.533 

192.432 

18$ 

221.655 

193.555 

186 

222.778 

194.677 

187 

223.900 

195.799 

188 

225.022 

195.921 

189 

226.144 

198.043 

190 

227. 2S6 

199.166 

191 

228.339 

200.258 

192 

229.511 

201.410 

193 

230.633 

202.532 

194 

231.755 

203,654 

195 

232.293 

204.777 

196 

232.293 

205.899 

197 

232.293 

207.021 

198 

232.293 

208.143 

199 

232,293 

209.265 

200 

232.293 

210.388 

201 

232.293 

211.510 

202 

232.293 

212.632 

203 

232.293 

213.754 

204 

232.293 

214. 876 

205 

232.293 

215.998 

206 

232.293 

217.121 

207 

232.293 

218,243 

c 


TEST  1-6 

1 

K,  SNA  PE  * 

• 6000 

niSCSIHTNATION  PATIO*  1.500 

1 

INPUT  ALPHA*  .050 

INPUT  9"TA= 

.05  0 

! 

E(N)  * 

96.  95667 

£ (Ni  MULTIPLIER  * 

2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

, 1 

REJECT 

1 

14.762 

0.000 

46 

65.  457 

78.187 

2 

15.898 

0.000 

47 

66.594 

39.314 

3 

17.015 

0.00  0 

48 

67.710 

40  . 440 

4 

18.141 

0.000 

49 

68.  837 

41. 567 

5 

19.263 

0.000 

50 

69.963 

42  . 693 

6 

20.394 

o.oon 

51 

71.090 

43  . 820 

7 

21.521 

0.000 

52 

72.216 

44. 946 

8 

22.648 

o.ono 

53 

7 3.  343 

46. 073 

8 

23.774 

o.oon 

54 

74.470 

4T. 200 

10 

24.901 

0.000 

55 

75,596 

48  . 3 26 

11 

26.027 

0.00  0 

56 

76.723 

49.453 

12 

27.164 

0.000 

57 

77.849 

50.579 

13 

28.230 

1.010 

58 

78.976 

51.706 

14 

29.407 

2.137 

59  ' 

80.102 

52.832 

15 

30.533 

3.264 

60 

31.  229 

53.959 

16 

31.660 

4.39  0 

61 

82.356 

55.086 

17 

32.787 

5.517 

62 

83.432 

55.212 

16 

33.913 

6.643 

63 

84.609 

57.339 

19 

35.040 

7.77  0 

64 

85,735  . 

58. 465 

20 

36.165 

8.896 

65 

86.  862 

59. 592 

21 

37.293 

10.023 

66 

87.939 

50. 713 

22 

38.419 

11.149 

67 

89.115 

51.845 

23 

39.546 

12.276 

68 

90.242 

62  . 9 72 

24 

40.623 

13.40  3 

69 

91.  368 

64.0  98 

25 

41.799 

14.529 

70 

92.  495 

65.225 

26 

42.976 

15.656 

71 

93.621 

55.351 

27 

44.052 

16.732 

72 

94.  743 

57.478 

28 

45.179 

17.909 

73 

95.  874 

58.604 

29 

46.305 

19.035 

74 

97.  001 

69. 731 

30 

47.432 

20.162 

75 

93.127 

70.853 

31 

48  . 559 

21.239 

76 

99.254 

71.984 

32 

49.635 

22.415 

77 

10  0.  381 

73. Ill 

33 

50.812 

23.542 

78 

101.507 

▼4.237 

34 

51.938 

24.656 

79 

102.634 

▼5.364 

35 

53.055 

. 25.795 

80 

103.  760 

▼6.490 

36 

54.191 

26.921 

81 

104.687 

77.  517 

37 

55.318 

23.048 

92 

106.013 

"8.743 

38 

56.445 

29.175 

83 

107,140 

79.870 

39 

57.521 

30.301 

84 

108.267 

80.997 

40 

58.698 

31.42  8 

85 

109.  393 

32.123 

41 

59.824 

32.554 

96 

110.520  • 

33.250 

42 

60.951 

33.631 

87 

111.  646 

34.376 

43 

62.027 

34.807 

88 

112.773 

35. 503 

44 

63.204 

35.934 

89 

113.899 

36. 529 

45 

64.330  • 

37.061 

90 

115.026 

37.755 

128 


TEST 

ACCEPT 

PEJcCT 

TEST 

ACCEPT 

• 

PEJECT 

91 

116.15* 

88.  837 

136 

166.848 

139.  5 73 

92 

117.279 

90.009 

13  7 

167.975 

140.705 

93 

118.406 

91.136 

138 

169.101 

141.331 

94 

119.532 

92.252 

139 

170.228 

142  . 958 

95 

120.659 

93.339 

140 

171.  354 

144.084 

96 

171.795 

94.515 

141 

172.431 

145.211 

97 

122.912 

95.642 

142 

173.  607 

146.337 

98 

124.039 

96.759 

14  3 

174.734 

147  . 464 

99 

125.165 

97.895 

144 

175.861 

143  . 591 

100 

126.292 

99.022 

145 

176.987 

149.717 

101 

12.7.413 

100.143 

146 

173.114 

150.344 

102 

128.545 

101.275 

147 

179.  240 

151.970 

103 

129.571 

102.401 

148 

18  0.367 

1 53.097 

104 

130.793 

103.528 

149 

181.  493 

154.223 

105 

131.924 

104.655 

15  0 

182.  620 

135.350 

106 

133.051 

105.731 

151 

183.747 

156.477 

107 

134.173 

106.908 

152 

184.  873 

137.  503 

108 

135.304 

103.034 

153 

186.  000 

133.730 

109 

136.431 

109.161 

154 

187,126 

1 39  • 3 56 

110 

137.557 

110.237 

15  5 

188.253 

150.983 

111 

138.634 

111.414 

156 

189.  379 

162.109 

112 

139.810 

112.540 

157 

190.506 

163.236 

113 

140.937 

113.667 

158 

191.633 

154.  363 

114 

142.064 

114.794 

15  9 

192.759 

163.489 

115 

143.190 

115.920 

15  0 

193.886 

1 66.  615 

116 

144.317 

117.047 

161 

195.012 

167.742 

117 

145.443 

118.173 

162 

196.139 

168.863 

118 

146.570 

119.300 

16  3 

197.265 

169.995 

119 

147.696 

120.426 

164 

198.  392 

171.122 

120 

148.823 

121.553 

165 

199.513 

172.249 

121 

149.950 

122,630 

156 

200.645 

173.375 

122 

151.076 

123.806 

167 

201.  772 

174.502 

123 

152.203 

124.933 

15  8 

202.898 

175.628 

124 

153.329 

126.059 

169 

204.025 

175,755 

125 

154.456 

127.186 

17  0 

205,151 

17T,  881 

126 

155.532 

128.312 

171 

206.273  - 

179,003 

127 

156.709 

129.439 

17  2 

207.404 

130.134 

128 

157.336 

130.566 

17  3 

208.531 

131.261 

129 

158.952 

131.692 

174 

209.659 

132.388 

130 

160.039 

132.819 

17  5 

210.784 

183.  514 

131 

161.215 

133.945 

176 

211.911 

1 34.  641 

132 

162.342 

135.072 

177 

213.037 

1 35. 767 

133 

153.468 

136.198 

178 

214.164 

186.894 

134 

164.595 

137.325 

17  9 

215.  290 

138.020 

135 

165.721 

133.452 

18  0 

• 

216.  417 

1 39.  147 

129 


- -TEST 

ACCENT 

- REJECT-  - 

181 

217.544 

190.274 

182 

218.554 

191.400 

183 

218.554 

192.527 

184 

218.554 

193.653 

185 

218.554 

194.780 

186 

218.554 

195.906 

187 

218.554 

197.033 

188 

218.554 

198.15  0 

189 

218.554 

199.286 

190 

218.554 

2 00.413 

191 

218.554 

201.539 

192 

218.554 

202.666 

193 

218.554 

203.792 

194 

218.554 

204.919 

• . 


TEST  1-7 


K,SHAPE  * 

.6250 

DISCRIMINATION  RATIO*  1.500 

INPUT  AL°HA=  .05  0 

INPUT  9ETA* 

.050 

E«N)  .* 

8 9.  64537 

ECN)  MULTIPLIER  * 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

14.235 

0.000 

46 

65.  228 

33  . 921 

2 

15.417 

0.000 

47 

66.360 

40.053 

3 

16.550 

0.000 

48 

67.  492 

41.185 

4 

17.632 

0.00  0 

49 

68.624 

42.317 

5 

18.314 

0.000 

50 

69.756 

43.449 

6 

19.946 

0.000 

51 

70.883 

44.581 

7 

21  •O'M 

o.  onn 

52 

72.  020 

45.713 

- - 8 

22.210 

0.000 

53 

73.  152 

46.346 

9 

23.242 

0.000 

54 

74.284 

47.973 

10 

24.474 

0.000 

55 

75.416 

49.  110 

11 

25.606 

0.000 

56 

76.543 

50.242 

12 

26.233 

.431 

57 

77.680 

51.374 

13 

27.870 

1.563 

58 

78,812 

52,506 

14 

29.002 

2.695 

59 

79.946 

53.  333 

15 

30.134 

3.827 

60 

81.  077 

54.770 

16 

31.265 

4.960 

61 

82.209 

55.902 

17 

32.398 

6.092 

62  • 

83.  341 

57.034 

18 

33.530, 

7.224 

63 

84.473 

53.166 

19 

34.652 

8.356 

64 

85.605 

59.293 

20 

35.794 

9.  43  3 

65 

86.737 

60.430 

21 

36.926 

10.620 

66 

87.859 

61. 562 

22 

38.059 

11.752 

67 

89.001 

62. 694 

23 

39.191 

12.834 

68 

90.133 

63.326 

24 

40.323 

14.016 

69 

91.  265 

64  . 953 

25 

41.455 

15.148 

70 

92.397 

66.090 

26 

42.587 

15.230 

71 

93.529 

67.222 

27 

43.719 

17.412 

72 

94.661 

68.  355 

28 

44.851 

18.544 

73 

95.793 

69.487 

29 

45.933 

19.676 

74 

96.  925 

70.519 

30 

47.115 

20.808 

75 

98.057 

71.  751 

31 

48.247 

21.940 

76 

99.189 

’2.883 

32 

49.379 

23.072 

77 

100.321 

74.015 

33 

50.511 

24.204 

73 

101.  454 

75.147 

34 

51.643 

25.336 

79 

102.586 

75.279 

35 

52.775 

26.469 

30 

103.  713 

77.411 

36 

53.907 

27.601 

81 

104.850 

78.543 

37 

55.039 

28.733 

82 

105.982 

79  , 675 

38 

56.171 

29.865 

83 

107.114 

80.807 

39 

57.303 

30.997 

84 

10  3.  246 

81.939 

40 

58.435 

32.129 

85 

109.373 

33.071 

41 

59.568 

33.261 

86 

110.510 

34,203 

42 

60.700 

34.393 

87 

111.642 

35. 335 

43 

61.832 

35.525 

88 

112.  774 

36.467 

44 

62.964 

36.657 

39 

113.906 

37. 599 

45 

64.096 

37.78  9 

90 

115.033 

38.731 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

91 

116.1-0 

69.354 

136 

167.113 

140.  9 06 

92 

117,302 

90,996 

137 

163.245 

141,938 

93 

116,434 

92.128 

133 

169.  377 

143.070 

9k 

119,556 

93.260 

139 

170.509 

144.20? 

95 

120.698 

94.39  2 

140 

171.  641 

145.334 

96 

121,831 

95.524 

141 

172.  773 

146.466 

97 

122.963 

96.656 

142 

173.905 

147.598 

96 

124,095 

97.788 

143 

175.037 

143.730 

99 

125.227 

98.920 

144 

176.  159 

149.962 

100 

126.359 

100,05? 

145 

177.301 

150. 994 

■ 101 

127.491 

101.1S4 

146' 

178.433 

152.127 

--  102  - 

•-  128.623 

102.316 

147 

179.  565 

153.259 

103 

129.755 

.103.448 

148 

180.697 

154.391 

104 

130.887 

104,580 

149 

181.829 

155.523 

105 

132.-U9 

105.712 

15  0 

132.  961 

1 56. 655 

106 

133.131 

106.844 

151 

184.093 

15^,787 

107 

134.263 

107.976 

15  2 

185.  225 

158.919 

108 

135.415 

109.100 

15  3 

186.358 

160.051 

109 

136.547 

110.241 

15  4 

187.  49  0 

161.133 

no 

137  c679 

111.373 

155 

13  8c  622 

162.315 

111 

138.811 

112.505 

156 

189.754 

163.447 

112 

139.943 

113.637 

157 

190.886 

164.579 

113 

141.0  75 

114.769 

15  8 

192.013 

155.711 

114 

142.207 

115.901 

159 

193.150 

166.843 

115 

143.340 

117.033 

160 

194.  282 

167,975 

116 

144.4-2 

110.165 

161 

195.414 

169,107 

117 

145.604 

119.297 

162 

196.546 

170.239 

118 

146.736 

120.429 

16  3 

197.  67  3 

171.371 

119 

147.863 

121.561 

164 

193.810 

172.503 

120 

149.000 

122.693 

165 

199.  942 

173.635 

121 

150.132 

123.325 

166 

201.  074 

174.768 

122 

151.264 

124.957 

167 

202.206 

175.900 

123 

152.396 

126.089 

168 

203.333 

177,032 

124 

153.528 

127.221 

169 

20  3.  770 

178.164 

125 

154.660 

128.353 

17  0 

20  3.770 

179,296 

126 

155.792 

129.435 

171 

203.  77  0 

130  . 429 

127 

156.924 

130.617 

172 

203.  770 

131.560 

126 

158.056 

131.750 

173 

203.  770 

132.392 

129 

159.138 

132.892 

17  4 

203.770 

133.824 

130 

160.320 

134.014 

17  5 

203.770 

134.956 

131 

161.452 

135.146 

176 

20  3.770 

136.  083 

132 

162.534 

136.278 

177 

203.  770 

137.220 

.133 

163.716 

137.410 

178 

203.770 

138.  352 

134 

164,849 

138.542 

179 

203.  770 

1 39. 484 

135 

165.931 

139.574 

18  0 

203.  770 

190,515 

( 
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TEST  1-8 


K*SHAP 

E * .6500 

DISCRIMINATION  RATIO*  1.500 

INPUT 

ALPHA=  .050 

INPUT  0*  T A* 

.05  0 

E(N) 

* 8 3.  15081 

E (N)  MULTIPLIER  * 

2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

13.846 

0.000 

46 

65.037 

39.519 

2 

14.984 

0.000 

47 

66.174 

40.756 

3 

16.12? 

0.000 

48 

67.  31? 

41.994 

4 

17.259 

0.00  0 

49 

68.  449 

43.0  31 

5 

18.397 

0.000 

50 

69.587 

44.169 

6 

19.534 

0.000 

51 

70.724 

45.3  07 

7 

20.672 

0.000 

52 

71.862 

46. 444 

8 

21.809 

.0.000 

53 

72.  999 

47.582 

9 

22.9  47 

0.000 

54 

74.137 

48. 719 

10 

24.005 

0.000 

55 

75.275 

49,857 

11 

25.222 

0.000 

56 

76.412 

50.994 

17 

26.360 

.942 

57 

77.  550 

52.132 

13 

27.497 

2.079 

58 

78.687 

53  . 269 

14 

28.635  ‘ 

3.217 

59 

79c  825 

54.407 

15 

29.772 

4.354 

60 

80.962 

55. 545 

16 

30.910 

5.49? 

61 

82.100 

56.582 

17 

32.047  „ 

5.630 

62 

83.238 

57.920 

18 

33.105 

7.757 

63 

84.375 

58.957 

19 

34.323 

8.905 

64 

85.513 

60.095 

20 

35.460 

10.042 

65 

96.650 

61.232 

21 

36.598 

11.190 

66 

87.783 

82.370 

22 

37.735 

12.317 

67 

8 9.925 

63.507 

23 

38.873 

13.455 

68 

90.063 

64.645 

24 

40.010 

.14.592 

69 

91.200 

65.783 

25 

41.148 

15.730 

70 

92.333 

66.920 

26 

42.295 

16.85  8 

71 

93.476 

68.058 

27 

43.423 

’18.005 

72 

94.613 

69.195 

28 

44.561 

19.143 

73 

95.751 

*0.333 

29 

45.598 

20.280 

74 

96.889 

*1.470 

30 

46.836 

21.418 

75 

99.026 

72.608 

31 

47.973 

22.555 

76 

99.163 

73.  745 

32 

49.111 

23.693 

77 

100.301 

74.583 

33 

50.243 

24.930 

78 

101.  438 

*6.021 

34 

51.335 

25.958 

79 

102.576 

77.158 

35 

52.523 

27.106 

80 

103.714 

*9.296 

36 

53.651 

29.243 

81 

104.851 

79.  433 

37 

54.799 

29.391 

82 

105.999 

90,  571 

38 

55.936 

30.518 

83 

107.126 

91.708 

39 

57.074 

31.656 

34 

108.  264 

92.  945 

40 

58.211 

32.793 

85 

109.401 

93.983 

41 

59.349 

33.931 

95 

110.539 

55.121 

42 

60.436 

35.058 

87 

111.676 

96  . 259 

43 

61.624 

36.20  6 

88 

112.814 

97. 396 

44 

62.761 

37.344 

89 

113.  952 

96. 534 

65 

63.899 

38.481 

90 

115.089 

89. 671 

» 
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TEST 

ACCE®T 

REJECT 

TEST 

ACCEPT 

REJECT 

91 

116  .227 

90.009 

136 

167.417 

141.999 

92 

117.364 

91.946 

137 

169.554 

143.136 

93 

118.602 

93.03  4 

139 

169.  692 

144.274 

94 

119.639 

94,221 

139 

170.929 

145.412 

95 

120 .777 

95.359 

140 

171.967 

146,549 

96 

121.914 

96.497 

141 

173.105 

147.607 

97 

123.052 

97,634 

142 

174.242 

148  . 824 

96 

124.190 

99,772 

143 

175.380 

1 49.  962 

. ...  99  - 

125-.327 

- 99.  90  9 

- - 144- 

176.517 

- 151.099 

100 

126.465 

101.047 

145 

177.655 

152.237 

101 

127.602 

102.194 

146 

179.792 

1 53. 375 

102 

128 .740 

103.322 

147 

179.  930 

154.512 

103 

129.077 

104.450 

148 

181.067 

155.  650 

104 

131.015 

105.597 

149 

182.205 

156.787 

105 

132.153 

106.735 

t5  0 

19  3.343 

157.925 

106 

133.290 

107,072 

151 

1 9 4.  48  0 

159.062 

107 

134.420 

109.010 

15  2 

135.618 

150.200 

106 

135.565 

110.147 

15  3 

186.755 

161.337 

109 

136.703 

111.295 

154 

187.893 

152.475 

110 

137.040 

112.422 

155 

189.  030 

163.513 

111 

138.9^0 

113.550 

156  • 

189.972 

134.750 

112 

140.115 

114.698 

157 

199.972 

166.988 

113 

141.253 

115.935 

158 

189.  972 

167.025 

114 

142.391 

116.97  3 

159 

109.  972 

158.163 

115 

143.520 

119.110 

16  0 

189.972 

159.300 

116 

144.656 

119.248 

161 

139.972 

129.438 

117 

145.003 

120.305 

16  2 

189.972 

171.575 

118 

146.941 

121.523 

163 

199.972 

172.713 

119 

140.070 

122.660 

164 

189.  972 

173.951 

120 

149.216 

123.798 

165 

189.  972 

174.988 

121 

150.353 

124.936 

166 

189.  972 

176.126 

122 

151.491 

126.073 

167 

189.  972 

177.263 

123 

152.629 

127.211 

124 

153.766 

120.348 

• 

125 

154.904 

129.496 

126 

156.041 

130.62  3 

127 

157.179 

131.761 

128 

150.316 

132.399 

129 

159.454 

134.036 

130 

160.591 

135.174 

131 

161.729 

136.311 

132 

162.067 

137.449 

133 

164.004 

138.596 

134 

165.142 

139.724 

135 

166.279 

140.861 

i c 
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TEST  1-9 


K,SHAP 

“ * .6750 

9ISCRI MT  NATTO  N RATIO*  1.500 

INPUT 

ALPHA*  .050 

INPUT  9“TA  = 

.05  0 

E(N) 

* 7".  3550 4 

E(N>  MULTIPLIER  = 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

• 1 

13.441 

0.000 

46 

64.879 

40.284 

2 

14.504 

0.000 

47 

66.022 

41.427 

3 

15.727 

0.000 

48 

67.165 

42  . 570 

4 

16.3*0 

0.000 

49 

68.303 

43.713 

5 

18.013 

0.000 

50 

69.  452 

44.356 

6 

19.156 

0.000 

51 

70.595 

45.999 

7 

20.299 

0.  000 

52 

71.733 

47.142 

8 

21.442 

0.  000 

53 

72.  881 

49.286 

9 

22.5  35 

0.000 

54 

74.  024 

49.429 

10 

23.728 

0.000 

55 

75.167 

50.372 

11 

24.8*1 

.276 

56 

76.310 

51.715 

12 

26.015 

1.419 

57 

7*.  453 

52.853 

13 

27.158 

2.562 

53 

7 9.  596 

54.0  01 

14 

28.301 

3.705 

59  • 

79.  739 

55.  144 

15 

29.444 

4.84  9 

60 

80.  882 

56, 287 

16 

30.537  , 

5.992 

61 

82.025 

"7. 430 

17 

31.730 

7.135 

62 

83.169 

59.573 

18 

32.8*3 

8.27e 

63 

84.312 

59, 716 

19 

34.015 

9.421 

64 

85.455 

60.359 

20 

35  • 1 39 

10.564 

65 

86.599 

62.0  02 

21 

36.302 

11.707 

66 

87.741 

63.145 

22 

37.445 

12.850 

67 

8 9.834 

64.289 

23 

38.588 

13.993 

68 

90.  027 

65  . 432 

24 

39.732 

15.136 

69 

91.  170 

66  . 575 

25 

40.875 

16.279 

70 

92.  313 

67.718 

26 

42.018 

17.42  2 

71 

93.  456 

68.361 

27 

43.161 

18.555 

72 

94.599 

70.004 

28 

44.304 

19.709 

73 

95.  742 

71.147 

29 

45.447 

20.952 

74 

9S.885 

*2.290 

30 

46.590 

21.995 

75 

98.  029 

73.433 

31 

47.733 

23.138 

76 

99.172 

74.  576 

32 

48.8*6 

24.281 

77 

10  0.315 

*5.719 

33 

50.019 

25.424 

78 

101.  453 

76.363 

34 

51.162 

26.557 

79 

102.601 

*9.0  06 

35 

52.305 

27.710 

80 

103.744 

79.149 

36 

53.448 

28.353 

31 

104.887 

90.292 

37 

. 54.59? 

29.996 

82 

106.030 

31.435 

' 38 

55.735 

31.139 

83 

107.173 

32.573 

39 

56.8*8 

32.282 

84 

108.316 

93.721 

40 

58.021 

33.426 

85 

109.  459 

94  . 8 64 

41 

59.154 

34.559 

86 

110.602. 

36.00* 

42 

60.307 

35.712 

87 

111.745 

87.150 

43 

61.450 

35.855 

88 

112.889 

38.293 

44 

62.593 

37.998 

89 

114.032 

89.436 

45 

63.736 

39.141 

90 

115.175 

90.579 

135 


TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

4 . 

91 

116.318 

91.723 

136 

167.756 

143.161 

92 

117.451 

92.866 

137 

16  8.  899 

1+4,304 

93 

118.604 

94.009 

138 

17  0,043 

145.447 

94 

119.^47 

95.152 

139 

171.  186 

146.  590 

95 

120.390 

95.295 

14  0 

172.329 

147.733 

- -96  - 

122.0  33 

• 97.43  8 

141 

173.472 

143.376 

- . 

| 

I 

97 

123.176 

98.581 

14  2 

174.615 

150.020 

98 

124.319 

99.724 

143 

175.  758 

151.163 

99 

125.482 

100.367 

144 

176.901 

152,  306 

100 

126.606 

102.010 

145 

177.177 

133.449 

101 

127.749 

103.153 

146 

177.177 

154.592 

- • 

102 

128.392 

104.296 

147 

1^7.177 

1 55.  735 

1 

I 

103 

130.0  35 

105.439 

14  8 

177.  177 

156.373 

104 

131.173 

106.583 

149 

177.177 

158.021 

105 

132.321 

107.726 

15  0 

177.  177 

159,164 

? i 

106 

133.484 

108.339 

151 

177.177 

150. 307 

*| 

107 

134.607 

110.012 

152 

177.177 

151.  450 

108 

135.T50 

111.155 

153 

177.177 

152.593 

109 

136.893 

112.298 

154 

177.177 

1 63.  T 37 

110 

138.0  36 

113.441 

15  5 

177.177 

164.880 

111 

139.179 

114.534 

112 

140 .32? 

115.727 

113 

141.465 

116.370 

114 

142.609 

113.013 

115 

143.752 

119.156 

116 

144.895 

120.300 

117 

146.038 

121.443 

118 

147.181 

122.596 

119 

148.324 

123.729 

120 

149.467 

124.872 

121 

150.610 

126.015 

122 

151.753 

127.158 

123 

152.896 

128.301 

124 

154.039 

129.44  4 

i 

1 

125 

155.132 

130.537 

126 

156.326 

131.730 

127 

157.469 

132.373 

128 

158.612 

134.016 

- 

■ I 

129 

159.755 

135.16  0 

130 

160.898 

136.30  3 

i I 

131 

162.041 

137.446 

* 

132 

163.134 

138.589 

1 

hi 

133 

164.327 

139.732 

! 

134 

165.470 

140.875 

135 

• 

166.613 

142.013 

l 

1 
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TEST  1-10 


f 

' 


K,SHAP 

I * .7000 

DISCRIMINATION  RATI0=  1.500 

INPUT 

alpha*  .nso 

INPUT  HIT As 

.05  0 

ECN) 

= 7 ?.  16060 

E(N>  MULTIPLIER  = 

2.00 

TEST 

AC^pot 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

13.064 

0.000 

46 

64.752 

40.320 

2 

14.213 

0.000 

47 

65.901 

42.0  69 

3 

15.362 

0.000 

48 

67.049 

43.218 

4 

16.510 

0.000 

49 

63.198 

44.366 

5 

17.659 

0.000 

50 

69.  347 

45.515 

6 

18.808 

0.000 

51 

70.495 

46.564 

7 

19.9  36 

0.  000 

52 

71,  644 

4%  812 

8 

21.105 

0.009 

%3 

7 2.  793 

48.  361 

9 

22.253 

0.000 

54 

73.  941 

50.109 

10 

23.402 

0.000 

55 

75.090 

51.253 

11 

24.531 

.719 

56 

76.238 

52.407 

12 

25.699 

1.858 

57 

77,387 

53  . 555 

13 

26.845 

3.016 

58 

73.536 

54.704 

14 

27.997 

4.155 

59 

79.684 

35.353 

15 

29.145 

5.313 

60 

80.833 

57.0  01 

16 

30.294 

5.452 

61 

81.932 

58.150 

17 

31.442 

7.611 

62 

83i  130 

59.293 

18 

32.591 

8.759 

63 

84.  279 

50.447 

19 

33.^40 

9.90  3 

54 

85.  427 

51, 595 

20 

34.888 

4.1.056 

65 

8 6.576 

62.  744 

21 

36.037 

12.205  ' 

56 

87.725 

* 53.393 

22 

37.155 

13,  35** 

67 

88.873 

65.041 

23 

38.334 

14.50  2 

68 

90.022 

66,190 

24 

39.483 

15.651 

69 

91.  170 

67.339 

25 

40.631  . 

15.800 

70 

9 2.319 

63.487 

26 

41.7  50 

17.943 

71 

93.468 

69.536 

27 

42.929 

19.097 

72 

94.616 

70.785 

28 

44.077 

20,245 

73 

95.765 

71.333 

29 

45.226 

21.394 

74 

96.914 

73.0  82 

30 

46.374 

22.543 

75 

93.  062 

74.230 

31 

47.523 

23.591 

76 

99.  211 

75.379 

32 

48.572 

24.840 

77 

10  0.359 

76.523 

33 

49.8  20 

25. 988 

78 

101.503 

77  . 576 

34 

50.069 

27.137 

79 

10  2.  657 

73.325 

35 

52.117 

28.296 

80 

10  3.  805 

39. 973 

36 

53.256 

29.434 

31  , 

10  4.954 

81.122 

37 

54.415  * 

30.593 

32 

106.  102 

32.271 

• 38 

55.563 

31.732 

.83 

107.  251 

33.419 

39 

56.712 

32.89  0 

8 4 t. 

108.  400 

34.558 

40 

57.861 

34.  029 

85 

10  9.  548 

85. 717 

41 

59.009 

35.177 

86 

110.697 

96. 365 

42 

60.153 

36.326 

87 

111.846 

98.014 

43 

61.305 

37.475 

88 

112.994 

89.162 

44 

62.455 

38.623 

99 

114.143 

90.311 

45 

63.604 

39.77  2 

90 

115.291 

91.460 

137 


TEST 

ACCENT 

REJECT 

91 

116.440 

92.608 

92 

117.  5*9 

93.757 

. -92  - 

118.737 

- 94.905  -- 

94 

119.838 

96.054 

95 

121.074 

97.203 

96 

122.183 

98.351 

97 

123.332 

99.500 

98 

124.430 

100.649 

99 

125.629 

101.797 

100 

126.773 

102.946 

101 

127.926 

104.094 

102 

129. 0^5 

105.243 

103 

130.223 

106.392 

104 

131.37? 

107.540 

105 

132.521 

108.639 

106 

133.659 

109.838 

107 

134.818 

110.986 

108 

135.967 

112.135 

109 

137.115 

113.23  3 

110 

138.254 

114.432 

111 

139.412 

115.581 

112 

140.961 

116.729 

113 

141. ▼lO 

117.878 

114 

142.853 

119.026 

115 

144.007 

120.175 

116 

145.195 

121.324 

117 

146.304 

122.47? 

118 

147.453 

123.621 

119 

148.601 

124.770 

120 

149.750 

125.918 

121 

150.899 

127.067 

122 

152.047 

128.215 

123 

153.196 

129.364 

124 

154.344 

130.513 

125 

155.493 

131.661 

126 

156.642 

132.310 

127 

157.790 

133.958 

128 

158.939 

135.107 

129 

160.037 

136.256 

130 

161.236 

137.40  4 

131 

162.395 

138.553 

13? 

163.533 

139.702 

133 

164.632 

140.850 

134 

165.871 

141.999 

135 

166.549 

143.147 

TEST 

ACCEPT 

REJECT 

136 

166,549 

144.296 

137 

166.549 

145.445 

138 

166.549 

146.593 

139 

166.549 

147.742 

14  0 

166.  543 

148  . 3 90 

141 

166.  549 

150.039 

142 

166.549 

151.189 

143 

166.549 

152.336 

144 

166.  549 

157.485 

145 

166.549 

154.  S 34 

138 


■ ; ^ 
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TEST  1-11 


K*  SHA  P 

E * ,7250 

DISCRIMINATION  RATID=  1.500 

INPUT 

ALPHAS  .050 

INPUT  P"T A 

= .05  0 

E(N) 

* 67.48580 

E(N)  MULTI 

PLIER  = 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

12.715 

0.000 

46 

64.653 

41.531 

2 

13.869 

0.000 

47 

65.807 

42  . 685 

3 

15.0*3 

o.  oon 

48 

. 66.961 

43.3  40 

4 

16.1*7 

0.000 

49 

6 8.  115 

44.994 

5 

17.331 

0.000 

50 

69.  269 

46.143 

6 

18.486 

0.  000 

51 

70.  423 

47.30? 

7 

19.640 

0.  ono 

52 

*1.573 

43.456 

8 

20.754 

0.  000 

53 

72.732 

49.510 

9 

21.9  48 

0.  000 

54 

73.886 

58.  7 65 

10 

23.102 

0.000 

55 

75.  040 

51.919 

11 

24.257 

1.135 

56 

76.194 

53.073 

12 

25.411 

2.289 

57 

77.  343 

54.227 

13 

26.565 

3.444 

58 

73.503 

55.381 

14 

27.719 

4.598 

59 

79.657 

56.535 

15 

28. 8^3 

5.752 

60 

80.811 

57.590 

16 

30.027 

5.906 

51 

81.  965 

58. 344 

17 

31.182 

8.060 

62 

83.119 

59. 998 

18 

32.336 

9.214 

53 

84.273 

31. 152 

19 

33.490 

10.369 

64 

85.42  3 

52.306 

20 

34.644 

11.523 

65 

86.532 

63.461 

21 

35.798 

12.67* 

6 6 

37.735 

54.615 

22 

36.952 

13.831 

67 

88.890 

65  . 769 

23 

38.107 

14.93  5 

68 

90.044 

66.923 

24 

39.261 

16.139 

69 

91.198 

63.077 

25 

40.415 

17.294 

70 

92.353 

59.231 

26 

41.569 

18.448 

71 

93.507 

70. 386 

27 

42.723 

19.602 

72 

94.  661 

71.540 

28 

43.877 

20.756 

73 

95.815 

*2.394 

29 

45.0  32 

21.910 

74 

. 96.969 

73  . 843 

30 

46.136 

23.055 

75 

98.124 

75.002 

31 

47.340 

24.219 

76  • 

99.273 

76.156 

32 

48.494 

25.373 

77 

100.432 

77.311 

33 

49.648 

26.52* 

78 

101.586 

78.465 

34 

50.802 

27.581 

79 

10  2.740 

79.519 

35 

51.957 

23.835 

30 

10  3.894 

30.773 

36 

53.111 

29.99  0 

81 

105.  049 

81.927 

37 

54.265 

31.144 

32 

106.203 

83.081 

. 38 

55.419 

32.29  8 

33 

107.357 

34. 236 

39 

56.5*3 

33.452 

84 

103.511 

85.390 

40 

57.728 

34.60  6 

85 

10  9.  665 

86.544 

41 

56.832 

35.760 

86 

110.  819 

37.593 

42 

60.036 

36.915 

. 87 

111.  974 

88. 352 

43 

61.190 

38.059 

88 

113.123 

90.006 

44 

62.344 

39.223 

89 

114.  282 

91.161 

45 

63.498 

40.377 

90 

115.436 

92.315 

139 


ACCEPT  - REJECT 


115 •510 

117.744 

115.519 

120.053 

121.20 7 

122.351 

123.915 

124.559 

125.5*4 

126.9*5 

128.132 

129.235 

130.440 

131.595 

132. *49 

133.913 

135.057 

136.211 

137.365 

138.5*0 

139.674 

140.328 

1M..9  32 

143,136 

144.290 

145.445 

146.699 

147.753 

148.907 

150.061 

151.215 

152.370 

153.5*4 

154.678 

155.313 

155.813 
155.513 

155.813 

155.813 

155.813 

155.813 

155.813 

155.813 

155.813 

155.813 


93.469 
94.623 
95.777 
96.932 
98.036 
99.24  0 
100.394 
101.548 
102.702 
103.857 
105.011 
106.165 
107.319 
108.473 
109.627 
110.782 
111.936 
113.090 
114.244 
115o  398 
115.532 
117.70* 
115,351 
120.015 
121.169 
122.32  3 
123.4*7 
124.632 
125.756 
126.940 
128.094 
129.248 
130.40  3 
131.557 
132.711 
133.865 
135.019 
136.173 
137.3*8 
138.482 
139.636 
140.790 
141.944 
143.098 
144.253 


TEST  1-12 


K,SHAPS  * .7*00  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .050  INPUT  P'TA*  .050 

E(N)  * 63.26567  E (N)  MULTIPLIER  * 2.00 


TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

12.389 

0.000 

46 

64.577 

42.119 

2 

13.549 

0.000 

47 

65.737 

43.279 

3 

14.T08 

. 0.000 

48 

65.897 

44.439 

4 

15.868 

0.000 

49 

68.  057 

45.  598 

5 

17.028 

0.000 

50 

69.216 

46.758 

6 

18.138 

0.00  0 

51 

70.376 

47.918 

7 

19.347 

0.000 

52 

71.535 

49.077 

8 

20.507 

0.000 

53 

72.  696 

50.237 

9 

21.657 

0.000 

54 

73.855 

51.397 

10 

22.927 

• 369 

55 

75. 015 

32.557 

11 

23.996 

1.529 

55 

76.  175 

53,716 

12 

25.146 

2.698 

57 

77.  335 

54.876 

13 

26.306 

3.847 

58 

7 3c  494 

55.036 

14 

27.455 

5.007 

59 

79.654 

57.196 

15 

28.625 

6.157 

60 

90.814  . 

58.355 

16 

29.7  35 

7.327 

61 

31.974 

59.515 

17 

30.945 

8.496 

62 

83.133 

60.675 

18 

32.105 

9.646 

63 

84.293 

51.835 

19 

33.264 

10.906 

64 

85.453 

62.994 

20 

34.424 

11.966 

65 

86.613 

54.154 

21 

35.534 

13.125 

66 

87.  772 

55.314 

22 

36.744 

14.295 

67 

83.932 

56. 474 

23 

37.903 

15.445 

68 

90.092 

57.  5 33 

26 

39.053 

16.605 

69 

91.  252 

58.793 

25 

40.223 

17.764 

70 

92.411 

69.953 

26 

41.333 

18.924 

71 

93.571 

71.113 

27 

42.542 

20.094 

72 

94.731 

72.27? 

28 

43.702 

21.244 

73 

95.  891 

73. 432 

29 

44.852 

22.403 

74 

97.  050 

*4. 592 

30 

46.0  22 

23.563 

75 

99.210 

75.752 

31 

47.181 

24.723 

76 

99.370 

75.911 

32  ‘ 

48.341 

25.893 

77 

100.530 

78.071 

33 

69.501 

• 27.042 

78 

101.689 

79.  231 

34 

50.661 

. 28.202 

79 

10  2.  849 

30.391 

35 

51.820 

29.362 

80 

104.  009 

31.550 

36 

52.990 

30.522 

81 

105.168 

92.710 

37 

54.140 

31.691 

92 

106.329 

33.870 

38 

55.299 

32.841 

83 

107,489' 

85.  030 

39 

56.459 

34.001 

94 

108.  648 

96.189 

40 

57.619 

35.161 

95 

109.807 

87.349 

61 

58.779 

36.320 

86 

110.967  . 

99.509 

42 

59.938 

37.490 

87 

112.127 

99.669 

43 

61.098 

38.640 

88 

113.287 

90.828 

46 

62.258 

39.800 

99 

114.446 

91.998 

45 

63.418 

40.959 

90  . 

115.606 

93.148 

TEST 

ACCEPT 

REJECT 

91 

116*755 

94.307 

92 

117*926 

95.467 

93 

119.055 

96.627 

9% 

120.245 

97.737 

95 

121.405 

96.946 

96 

122.565 

100.106 

97 

123.724 

101.266 

98 

124.894 

102.426 

99 

126.044 

103.585 

100 

127.204 

104.745 

101 

128.363 

105.905 

102 

129.523 

107.055 

103 

130.633 

108.224 

104 

131.843 

109.33  4 

105 

133.002 

110.544 

106 

134.162 

111*704 

107 

135.322 

112.363 

-106 

136.432 

114.023 

- 109 

137 .641 

115.193 

- 110 

138.801 

115.343 

111 

139.961 

117.502 

112 

141.121 

118.662 

113 

142  .230 

119.822 

114 

143.440 

120.98  2 

115 

144.600 

122.141 

116 

145.760 

123.301 

117 

146.919 

124.461 

118 

147.237 

125.521 

119 

147.237 

125.730 

120 

147.237 

127.940 

121 

147.237 

129.100 

122 

147.237 

130.250 

123 

147.237 

131.419 

124 

147.237 

132.579 

125 

147.2  37 

133.739 

126 

147.237 

134.899 

- 127 

147.237 

136.058 

142 


!p  Y*r  A 


TEST  1-13 


K,  SHAPE  * .8*00 
INPUT  ALPHA*  ,050 
ECN)  * 55.96224 


D ISC  RI HT N AT  10 N P ATID*  1.500 
INPUT  3rTA=  ,05  0 
E <N>  MULTIPLIER  * 2.00 


TEST 

ACCE»T 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

11,800 

0,000 

46 

64.  492 

43.234 

2 

12,971 

0.000 

47 

65,663 

44.405 

3 

14,142 

. 0.000 

48 

66.834 

45.576 

4 

15,313 

0.000 

49 

68.005 

46.747 

5 

16,434 

0,000 

50 

69.176 

47. 918 

6 

17.655 

0.000 

51 

70.347 

49.089 

7 

18.326 

0.000 

52 

71.518 

50.260 

S 

19.997 

0.000 

53 

72.699 

51.431 

9 

21.167 

0.000 

54 

73.860 

52. 507 

10 

22.338 

1.080 

5 5 

75.031 

53  . 773 

11 

23.509 

2.251 

56 

76.202 

54  . 344 

17 

24.630 

3.422 

57 

77,  373 

56.114 

13 

25.851 

4.593 

58 

78.543 

57.285 

14 

27.022 

5.764 

59 

79.714 

58.4  56 

15 

23.193 

5.935 

60 

80,885 

59. 527 

16 

29.364 

8.106 

61 

82.  056 

60.798 

17 

30.535 

9.277 

62 

83.227 

61.969 

18 

31.706 

10.443 

63 

84. 399 

63.  140 

19 

32.877 

11.619 

54 

85.669 

64,311 

20 

34.049 

12.79  0 • 

65 

86.740 

65.482 

21 

35.219 

13.951 

56 

87.911 

66.653 

22 

36.390 

15.132 

67 

89.082 

67.924 

23 

37.561 

16.30  3 

68 

90.  253 

68.995 

24 

38.732 

17.474 

59 

91.424 

70,166 

25 

39.902 

18.644 

70 

92.595 

71. 337 

26 

41,073 

19.815 

71 

93.  766 

72  . 5 08 

27 

42.744 

20.986 

72 

94. 937 

73.579 

28 

43.415 

22.157 

73 

96,  109 

74.950 

29 

44.596 

23.32  8 

74 

97,279 

76  . 020 

30 

45.757 

24.499 

75 

99.449 

77.191 

31 

46.928 

25.670 

•76 

99,620 

79.362 

32 

48.099 

26.341 

77 

100,791 

79.533 

33 

49.270 

29,012 

' 73 

101.962 

90.704 

34 

50.441 

29.183 

79 

103.  133 

91.075 

35 

51.612 

30.354 

90 

104.304 

93.046 

36 

52.733 

31.525 

31 

105.475 

84.217 

37 

53.954 

32.696 

82 

106.  646 

95  . 3 88 

38 

55.125 

33.867 

.9  3 

107.817 

96.559 

39 

56.296 

35.038 

84 

103.988 

97*730 

40 

57.467 

36.209 

85 

110.  159 

88.901 

41 

58.633 

37.379 

86 

111.330 

90.072 

42 

59.9  08 

39.55  0 

87 

112.501 

31.243 

43 

60.973 

39.721 

88 

113.  672 

92.414 

44 

62.150 

40.892 

89 

114.843 

93.585 

45 

63.321 

42.063 

90 

116.014 

94. 755 

wmmsmm*  ' 


I 


i 


TEST 

ACCF®T 

REJECT 

<11 

117,10* 

95.926 

w . 

110*355  - 

- - 97.097 

93 

119,526 

90.260 

9% 

120 .697 

99.  *39 

95 

121,050 

100.610 

99 

173.039 

101. *01 

97 

12* .210 

102.952 

90 

125,391 

104.123 

99 

126,552 

105.294 

100 

127.723 

106.455 

101 

120.394 

107.636 

102 

130.0  35 

108.80  7 

103 

131.145 

109.978 

10* 

131.145 

111.149 

105 

131.145 

112.320 

106 

131.145 

113.490 

107 

131.145 

114.651 

100 

131.145 

115.832 

109 

131.145 

117.003 

110 

131.145 

118.174 

111 

131.145 

119.345 

112 

131.145 

120.516 

144 


TEST  I -lit 


i 

i 

« 


KtSHAPE  * .8500  DISCRIMINATION  RATIO*  1.500 


INPUT 

AL°HA*  ,050 

INPUT  s-TA* 

• 050 

E(N) 

* 49.  88985 

E (N)  MULTIPLIER  = 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

1 

11.282 

0.000 

45 

64.481 

2 

12.464 

0,  000 

47 

65.663 

3 

13.647 

0.000 

43 

66.  846 

4 

14,829 

- 0,000 

49 

• 68.028 

5 

16.011 

0.000 

50 

69.210 

6 

17.193 

0.000 

51 

70.  392 

7 

18.375 

0.000 

52 

71.574 

8 

19.558 

0.000 

51 

7 2.  *57 

9 

20,7 40 

• 540 

54 

73.939 

10 

21.922 

1.722 

55 

75.121 

11 

23.104 

2.90  4 

56 

76.  30  3 

12 

24.2  86 

4,08  6 

57 

77.485 

13 

25.469 

5.269 

58 

73,  663 

14 

26.631 

5.451 

59 

79.850 

15 

27.833 

7.633 

60 

31.032 

16 

29.015 

8.815 

61 

82.214 

17 

30,197 

9.997 

62 

83.  396 

- - 18 

31.380  - 

11.18  0 

53 

84.579 

19 

32.562 

12.362 

64 

85.  761 

20 

33.744 

13.544 

65 

86.  943 

21 

34i9?6 

14.726 

66 

83.125 

22 

36.108 

15.908 

67 

89.  30  8 

23 

37.291 

17.091 

68 

90.490 

«. 

38.473 

18.273 

59 

91.  672 

25 

■ 39.655 

19.455 

70 

92.  854 

26 

40,8  37 

20.637 

71 

94.036 

27 

42.019 

21.819 

72 

95.  219 

28 

43.202 

23.002 

73 

96.401 

29 

44.384 

24.184 

74 

97.583 

30 

45.566 

25,366 

75 

98.765 

31 

46.748 

26.548 

76 

99.947 

32 

47.930 

27.730 

77 

101.130 

33 

49,113 

28.913 

78 

102.  312 

34 

50.295 

.30.095 

79 

• 10  3.494 

35 

51.477 

31.277 

80 

104.676 

36 

52.659 

32.459 

81 

10 5/85 3 

37 

53.841 

33.641 

82 

107,041 

38 

• 55.024 

34.824 

83 

108.223 

39 

56.206 

36.006 

84 

109.  405 

40 

57.388 

37.183 

85 

110.587 

41 

58.5*0 

38.370 

86 

111.  769 

42 

59.752 

39.552 

87 

112.  952 

43 

60.935 

40.735 

88 

114.134 

44 

62.117 

41.917 

89 

115.316 

45 

63 ,299 

43.099 

90 

116.498 

14S 


REJECT 
44.281 
45. 463 
46,  646 
47.828 
49.010 
50.192 
51.374 
52.557 
53.739 
54.921 
55.103 
57.285 
58.468 
59.650 
60. 832 
52.014 
53.196 
54.379 
55.  561 
66.  743 
57.925 
69.107 
70.290 
71.472 
72. 654 
73.836 
75.019 
76.201 
77.383 
78.565 
*9.747 
80.930 
82.112 
83.294 
84.  476 
35.358 
86.841 
88.023 
89. 205 
90.387 
91.569 
92.752 
93.934 
95.116 
96.298 


| f !. ' ■'I'll !.JU^^pjJ!ip.|^n. < IIM- 1,111 


TEST  1-15 


\ 

y 


K,SHAP 

~ = .9  000 

DISCRIMINATION  RATIOS  1,500 

IN»UT 

ALOHA=  .050 

INPUT  9"T A= 

.05  0 

E(N) 

* 4 4.  78479 

E (N)  MULTIPLIER  s 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.824 

0.000 

46 

64.533 

45. 272 

2 

12.017 

0.000 

47 

65.726 

46. 466 

3 

13.211 

0.000 

48 

66.920 

47.559 

4 

14.404 

0.000 

49 

68.113 

48.853 

5 

• 15.598 

0.000 

50 

69.307 

50.045 

6 

16.792 

0.000 

51 

70.500 

51.240 

7 

17.9  05 

0.000 

52 

71.694 

52.  433 

8 

19.1*9 

0.  000 

53 

72.889 

53.627 

9 

20. ^*2 

1.111 

54 

74.081 

54.320 

10 

21.566 

2.305 

55 

75.  275 

56.014 

11 

22.759 

3.499 

56 

76.468 

57.207 

12 

23.933 

4.692 

57 

77.662 

58.401 

13 

25.146 

5.896 

58 

78.855 

59.595 

14 

26.340 

7.079 

59 

80.049 

60. 783 

15 

27.933 

8.273 

60 

81.  242 

61.982 

16 

28.727 

9.466 

61 

82.  436 

63. 175 

17 

29.920 

10.650 

62 

8 3.629 

64.369 

18 

31.114 

11.853 

63 

94.823 

65  . 562 

19 

32.307 

13.047- 

64 

66.016 

66.756 

20 

33.501 

14.240 

65 

87.  210 

67. 949 

21 

34.634 

15.434 

5 6 

88.  403 

69.143 

22 

35.838 

16.627 

67  . ' 

89.597 

70.335 

23 

37.0  32 

17.921 

68 

90.790 

71.530 

24 

38.2*5 

19.014 

69 

91.984 

*2.723 

25 

39.469 

20.20  8 

70 

93.  178 

73.917 

26 

40.662 

21.402 

71 

94.371 

75.110 

27 

41.356 

22.595 

72 

95.565 

76.3  04 

28 

43.049 

23.739 

73 

96.753 

77,498 

29 

44.243 

24.98  2 

74 

97.  952 

78.591 

30 

45.436 

26.176 

75 

99.145 

79.885 

31 

46.630 

27.369 

76 

10  0.339 

31.073 

32 

47.823 

28.553 

77 

101.532 

92.272 

33 

49.017 

29.756 

78 

102.726 

93. 465 

34 

50.210 

30.950 

79 

103,919 

34.659 

35 

51.404 

32.143 

80 

105.113 

95.952 

36 

52.597 

33.337 

81 

106,  306 

97.046 

37 

53.791 

34.530 

82 

107.  418 

38. 239 

38 

54.985 

35.724 

9 3 

107.418 

39.  433 

39 

56.1*3 

36.917 

34 

107.  419 

40.S25 

40 

57.3”*2 

38.111 

85 

107.  418 

91.820 

41 

58.565 

39.304 

86 

107.418  . 

93.013 

42 

59.759 

40.498 

87 

107.  419 

94.207 

43 

60.952 

41.692 

88 

107.419 

95  . 400 

44 

62.146 

42.88  5 

99 

107.418 

96  . 594 

45 

63.339 

44.079 

90  . 

107.418 

97.738 
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TEST  1-16 


KfSHAP? 

* .9*500 

DISCRIMINATION  PATIO*  1.500 

INPUT  4LP4As  .050 

INPUT  9"TA* 

• 050 

E(N> 

* 40.45056 

E(N)  MULTIPLIER  * 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.416 

0.000 

46 

64.637 

46.216 

2 

11.620 

0.000 

47 

65.842 

47,421 

3 

12.825 

0.000 

49 

67.047 

48.525 

4 

14.0  30 

0.000 

49  . 

69.  252 

49.831 

5 

15.235 

0.000 

50 

69.  457 

51.0  36 

6 

16.440 

0.000 

51 

70.662 

52.241 

7 

17.645 

0.000 

52 

71.867 

53  . 4 46 

8 

18.650 

• 429 

53 

73.072 

54. 551 

9 

20.055 

1.534 

54 

74.277 

55.356 

10 

21.250 

2.839 

55 

75.482 

57.061 

11 

22.465 

4.044 

56 

76.687 

58.265 

12 

23.6*>0 

5.249 

57 

7T.892 

59.470 

13 

24.875 

6.454 

58 

79.097 

60.675 

14 

26.030 

7.658 

59 

80.301 

61.380 

15 

27.735 

6.663 

60 

81.506 

63.085 

16 

28.489 

10.068 

61 

82.711 

64.290 

17 

29.694 

11.273 

62 

83.916 

65. 495 

16 

30.899 

12.478 

63 

85.121 

66.700 

19 

32.104 

13.683 

64 

86.326 

6*>.905 

20 

33.309 

14.688 

65 

87.531 

69.110 

21 

34.514 

16.093 

66 

88.736 

70.315 

22 

35.719 

17.298 

67 

89.  941 

71.520 

23 

36.924 

16.503 

68 

91.  146 

*>2.725 

24 

38.129 

19.708 

69 

92.351 

73.930 

25 

39.334 

20.913 

70 

93.556 

73.135 

26 

40 .539 

22.119 

71 

94.761 

*>6.339 

27 

41.744 

23.323 

72 

95.966 

*>7.  544 

28 

42.949 

24.527 

73 

97. 170 

*>3.749 

29 

44.154 

25.732 

74 

97.  599 

79. 954 

30 

45.358 

26.937 

75 

97.  599 

31.159 

31 

46.563 

26.142 

76 

97.599 

32.364 

32 

47.758 

29.347 

77 

97.599 

83.569 

33 

48.973 

30.552 

78 

97.599 

84.774 

34 

50.173 

31.757 

79 

97.  599 

35.979 

35 

51.383 

32.962 

80 

97.  599 

8>. 184 

36 

52.538 

34.167 

81 

97.599 

88.389 

37 

53.793 

35.372 

36  - 

54.998 

36.577 

39 

56.203 

37.782 

• 

40 

57.408 

38.997 

41 

58.613 

40.192 

42 

59.819 

41.39  6 

.-  -43  . . 

- 61.0 23  -- 

- • 42*601 

. ...  .....  . - 

44 

62.227 

43.806 

45 

63.432 

45.011 
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TEST  1-17 


: i 


♦ 


1 1 


fej 

I 

. 


; 


•i 


( 


KySHA  P 

Z *1,0  00  0 

DISCRIMINATION  PATIO*  1.500 

INPUT 

ALPHA*  .050 

INPUT  9”TA* 

.05  0 

E(N) 

* 36*  T3325 

• 

E(N>  MULTIPLIER  = 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.050 

0.000 

46 

64.788 

47.121 

2 

11 .256 

0.000 

47 

66.004 

48.337 

3 

12.493 

• 0.000 

48 

67.  220 

49.  554 

4 

13.699 

0.000 

49 

68.437 

50.  770 

5 

14.915 

0.000 

50 

69.653 

51.396 

6 

16.132 

0.000 

51 

70.  869 

53.  2 0 3 

7 

17.348 

0.000 

52 

72.096 

54.419 

8 

18.564 

.898 

53 

73.302 

55,536 

9 

19.291 

2.114 

54 

74.519 

56.852 

10 

20.997 

3.331 

55 

75.735 

58.068 

11 

22.214 

4.547 

56 

76.951 

59.285 

12 

23.430 

5.753 

57 

78.168 

60.501 

13 

24.646 

6.980 

58 

79.384 

81.718 

14 

25.863 

3.136 

59 

30.601 

52.934 

15 

27.079 

9.413 

60 

81.817 

54.150 

16 

28.296 

10.629 

61 

83.  033 

65.357 

17 

29.512 

11.945 

62 

84.  25  0 

65,583 

18 

30.728 

13.062 

63 

85.465 

57.900 

19 

31.945 

14.278 

64 

86.683 

59.016 

20 

33.161 

15.495 

65 

87.899 

70.232 

21 

34.328 

16.711 

66 

89.115 

71.449 

22 

35.594 

17.927 

67 

90.013 

72.665 

23 

36.810 - 

19.144 

68 

90,013 

■’’3.882 

24 

38.027 

20.360 

69 

90.013 

75  . 0 98 

25 

39.243 

21.577 

70 

90.013 

76.314 

26 

40.460 

22.793 

71 

90,  013 

77.531 

27 

41.676 

24.009 

72 

9 0.013 

79.747 

28 

42.892 

25.226 

73 

90.013 

79.964 

29 

44.109 

26.442 

74 

90.013 

91.180 

30 

45.325 

27.659 

31 

46.542 

28.875 

32 

47.758 

30.031 

33  ‘ 

48  .9*4 

31.30  8 

34 

50.191 

32.524 

35 

51.407 

33.741 

- 36  - 

52.624 

34.95  7 

, - 

...  . « 

. . - . . . 

37 

53,840 

35.17  3 

38  . 

55.056 

37.39  0 

. 

* 

39 

56.273 

38.606 

40 

57.499 

39.822 

41 

58.706 

41.039 

42 

59.922 

42.255 

43 

61.138 

43.472 

44 

62.355 

44.688 

45 

63.571 

45.90  4 
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• 

• 

TEST  1-18 

K, SHAPE  *1.1*100 
IN°UT  ALPHA*  ,050 
E(N)  * 3 0.  %670 

DISCRIMINATION  RATIO*  1.500 

INPUT  PE’A*  ,05  0 

E(N>  MULTIPLIER  * 2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

9.423 

0.000 

46 

65.201 

48.835 

2 

10.662 

0.000 

47 

66.  441 

50.075 

3 

11.932 

0.000 

48 

67.680 

51.314 

4 

13.141 

0.000 

49 

63.920 

52  . 5 54 

5 

14.381 

0.  000 

50 

70.159 

53.793 

6 

15.620 

0.00  0 

51 

71.399 

55.033 

7 

16.860 

.494 

52 

72.638 

56.272 

8 

19.099 

1.733 

5 3 

73.  873 

57.512 

9 

19  .339 

2.973 

54 

75.118 

53.752 

10 

20.578 

4.212 

55 

76.357 

69.991 

11 

21.818 

5.45  2 

56 

76.851 

61.231 

12 

23.057 

5.691 

57 

76.851 

62  . 4 70 

13 

' 24.297 

7.931 

58 

76.851 

63.710 

14 

25.535 

9.170 

59 

76c  351 

64  . 949 

15 

26. ’76 

10.410 

60 

76.  851 

66.189 

16 

28.015 

11.649 

61 

76.  851 

67.423 

17 

29.255 

12.889 

62 

76.851 

68.663 

18 

30.495 

14.129 

19 

31.774 

15.358 

20 

32. 9 ’4 

16.608  ’ 

21 

34.713 

17.847 

22 

35.453 

19.087 

23 

36  .69 Z 

20.326 

24 

37.972 

21.566 

25 

39.171 

22.80  5 

26 

40.411 

24.045 

27 

41.650 

25.284 

28 

42.890 

26.524 

-29 

-44**179 

27..763 

• - - - — - • 

.. ....  ...  ...... 

30 

45.359 

29.003 

31 

46.6  08 

30.242 

32 

47.848 

31.48  2 

33 

49.0  87 

32.721 

34 

50.327 

33.961 

35 

51.566 

35.20  0 

36 

52.806 

36.440 

37 

54.046 

37.66  0 

38 

55.285 

38.919 

39 

56.525 

40.159 

40 

57.764 

41.398 

41 

59.004 

42.638 

42 

60.243 

43.877 

43 

61.483 

45.117 

44  . 

62.722 

46.356 

45 

63.952 

47.596 
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TEST  1-19 


KySHA  P 

E *1.2  000 

9ISCRIMIHATI0N  ’ATI3*  1.500 

iNP«rr 

ALPHA*  .050 

INPUT  9-TA  = 

.05  0 

E(N) 

* 26.  160  7? 

E(N)  MULTIPLIER  * 

2.  00 

TEST 

ACCE°T 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

8.906 

0.000 

46 

65.737 

50.452 

2 

10.169 

0.000 

47 

66.935 

51.715 

3 

11.431 

0.000  ' 

45 

66.935 

52  . 973 

4 

12.694 

■ 0.000 

49 

66.935 

54,241 

5 

13.957 

0.000 

50 

66.935 

55, 504 

6 

15.220 

0.000 

51 

65.935 

56,767 

7 

16.483 

1.198 

52 

66.935 

58,030 

8 

17.746 

2.461 

53 

66.935 

59.293 

9 

19.009 

3.*24 

10 

20.2*2 

4.98  7 

11 

21.535 

6.250 

12 

22.738 

7.512 

13 

24.061 

8.775 

14 

25.324 

10.038 

15 

26.537 

11.301 

16 

27.850 

12.564 

17 

29.113 

13.827 

18 

30.375 

15.090 

19 

31.638 

16.353 

20 

32.901 

17.616 

21 

34.164 

18.379 

- 22 

35.427 

20.142 

... 

- . . 

23 

36.690 

21.405 

24 

37 .953 

22.668 

25 

39.216 

23.931 

26 

40.479 

25.193 

27 

41.742 

25.456 

28 

43.005 

27.719 

29 

44.268 

28.932 

30 

45  .531 

30.245 

31 

46 .*34 

31.508 

32 

48.056 

32.771 

33 

49.319 

34.034 

34 

50.532 

35.297 

35 

51.845 

36.560 

36 

53.108 

37.323 

37 

54.3*1 

39.036 

38 

55.634 

40.349 

39 

56.8  97 

41.612 

40 

58.160 

42.874 

41 

59.423 

44.137 

42 

60.636 

45.40  0 

43 

61.949 

46.663 

44 

63.212 

47.926 

45 

64.475 

49.18  9 
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TEST  1-20 


K?  SHAPE  *1.3  COO 
INPUT  ALPHA*  .050 
E(N)  = 2 2.56923 


DISCRIMINATION  RATIO*  1,900 
INPUT  PITAs  .05  0 
E (N)  MULTIPLIER  = 2.00 


TEST 

ACCEPT 

REJECT 

1 

8.474 

0.000 

2 

9.750 

0.900 

3 

11.0  47 

0.000 

4 

12.333 

' 0.000 

5 

13.620 

0.000 

6 

14.907 

.533 

7 

16.193 

1.319 

8 

17.400 

3.106 

9 

18.766 

4.392 

10 

20.053 

5.679 

11 

21.3  40 

6.966 

12 

22.425 

8.252 

13 

23.913 

9.539 

14 

25.199 

10.825 

- 15 

- -26*436 

12-.il 2 

16 

27.773 

13.399 

17 

29.059 

14.69  5 

18 

30.346 

15.97  2 

• 19 

31.632 

17.258 

20 

32.919 

18.545 

21 

34.206 

19.932 

22 

35.492 

21.118 

23 

36.779 

22.40  5 

24 

38.065 

23.691 

25 

39.352 

24.973 

26 

40.639 

26.255 

27 

41.925 

27.551 

28 

43.212 

29.838 

29 

44.498 

30.124 

30 

45.785 

31.411 

31 

47.072 

32.698 

32 

48.358 

33.99  4 

33 

49.645 

35.271 

34 

50.931 

36.557 

35 

52.218 

37.844 

36 

53.505 

39.131 

37 

54.791 

40.417 

38 

56.0*8 

41.704 

39 

57.364 

42.99  0 

40 

58.651 

44.277 

41 

59.134 

45.564 

42 

59.194 

46.85  0 

43 

59.194 

48.137 

44 

59.194 

49.423 

45 

59.184 

50,71-0 

TEST 

46 


ACCEPT 

59.184 
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tl 


REJECT 

51.997 


TEST  1-21 


f 

i 


1 

Kf SHfl  P 

* *1.4  003 

0 ISC  PI  HI  NAT  ION  PATIO 

INPUT 

ALPHA*  .050 

INPUT  9“TA*  ,05  0 

I 

E(N) 

* 10.70162 

£ (N)  MULTIPLIER  * 2 

1 

If 

i 

?t 

TEST 

ACCEPT 

REJECT 

i 

1 

8.108 

0.  000 

2 

9.419 

0.000 

3 

10.729 

o.ono 

| 

4 

12.040 

' 0.000 

5 

13.350 

0.000 

; { 

6 

14.661 

1.065 

i 

7 

15.972 

2.376 

1 

. s 

17.28? 

3.686 

: 

; 

9 

18.593 

4,997 

1 

i 

10 

19.903 

6.308 

i 

11 

21.214 

7.618 

i 

12 

22.524 

8.92  9 

i 

• 

13 

23.835 

10.239 

j 

14 

25.145 

11.550 

♦ 

15 

26.456 

12.860 

s 

16 

27.766 

14.171 

17 

29.077 

15.461 

{' 

18 

30.337 

16.79  2 

19 

31.698 

18,102 

20 

33.009 

19.413 

21 

34.319 

20.723 

22 

35.630 

22,034 

23 

36.940 

23.344 

24 

38.251 

24.555 

25 

39.561 

25.966 

26 

40.872 

27.276 

27 

42.132 

28.58’ 

28 

43.493 

29.897 

29 

44.8  03 

31.20  8 

I 

30 

46.114 

32.518 

31 

47.424 

33.829 

32 

48 .735 

35.139 

'* 

33 

50.045 

36.45  0 

34 

51.356 

37.750 

35 

52.421 

39.071 

36 

52.421 

40.331 

37 

52.421 

41.692 

38 

52.421 

43.003 

39 

52.421 

44.313 

1 

40 

52.421 

45.624 

( 


• 500 
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K,SHAP5 

*1.5000 

. INPUT  ALPHA*  .050 

E(N) 

* 17.37375 

TEST 

ACCEPT 

1 

7.797 

2 

9.131 

3 

10.466 

4 

11.801 

5 

13.135 

6-  - - 

- -14- .470 

7 

15.805 

8 

17.140 

9 

18. 4^4 

10 

19.809 

11 

21.144 

12 

22.479 

13 

23.813 

14 

25.148 

15 

26.4  93 

16 

27.818 

17 

29.152 

18 

30.497 

19 

31.322 

20 

33.157 

21 

34.491 

22 

35.826 

23 

37.151 

24 

38.495 

25 

39.8  30 

-•  26 

41.165 

27 

42.500 

28 

43.834 

29 

45.159 

30 

46.504 

31 

46.716 

32 

46.716 

' 33 

46.716 

34 

46.716 

35 

46.716 

DISCRIMINATION  RATIO* 
input  «:ta=  .050 

E (N)  MULTIPLIER  = 2.00 


REJECT 
0.  000 
0.000 
0.000 
- 0.00  0 
• 212 

- 1.547  

2.851 
4.216 
’ 5.551 
6.886 
8.22  0 
9.555 
10.890 
12.225 
13.559 

14.894 

16.229 

17.563 

18.89  8 
20.233 
21.568 

22.90  2 
24.237 
25.572 
26.907 
28.241 
29.576 
30.911 
32.246 
33.58  0 
34.915 
35.250 
37.584 
38.919 
40.254 


It  500 


TEST  1-23 


Kf  SHAPE  *1.6«00  DISCRIMINATION  PATIO®  1.500 

INPUT  ALPHA®  .050  INPUT  BETA®  .050 

ECN)  ® 15.456 74  E(N>  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECt 

1 

7.528 

0.000 

2 

8.887 

0.000 

3 

10.247. 

. 0.000 

4 

11.606 

0.000 

5 

12.965 

.627 

6 

14.324 

1.98  6 

7 

15.683 

3.345 

8 

17.043 

4.705 

- - 9 • - 

18.402 

6.064 

10 

19.761 

7.423 

11 

21.120 

8.782 

12 

22 .479 

10.141 

13 

23.839 

11.501 

14 

25.198 

12.85  0 

15 

26.557 

14.219 

16 

27.916 

15.578 

17 

29.275 

16.937 

18 

30 .635 

18.297 

19 

31.994 

19.656 

20 

33.353 

21.015 

21 

34.712 

22.374 

22 

36.071 

23.733 

23 

37.431 

25.093 

24 

38.790 

26.452 

25 

40.149 

27.811 

26 

41.508 

29.170 

27 

42.135 

30.529 

28 

42.135 

31.889 

29 

42.135 

33.248 

30 

42.135 

34.607 

31 

42.135 

35.966 
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TEST  1-24 


K, SHAPE  *1. 7001  DISCRIMINATION  RATIOS  1.500 

INPUT  ALPHAS  .050  INPUT  O'TAs  .050 

ECNI  * 1 7. 85816  E(N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

7.296 

0.000 

2 

8.610 

0.00  0 

3 

10.064 

• 0.000 

4 

11.447 

0.000 

5 

12.831 

1.00  3 

6 

14.215 

2.392 

7 

15.599 

3.776 

6 

16.913 

5. 1.5  0 

9 

18.367 

6.544 

10 

19.751 

7.928 

11 

21.135 

9.311 

12 

22.519 

10.695 

13 

23.903 

12.079 

14 

25.217 

13.463 

15 

26.671 

14.847 

. .4.6  - 

• 28-. 055 

16.231 

17 

29.439 

17.615 

18 

30.872 

18.999 

19 

32.296 

20.383 

20 

33.590 

21.767 

21 

34.974 

23.151 

22 

36.358 

24.535 

23 

37.742 

25.919 

24 

38.750 

27.303 

25 

38.750 

28.636 

26 

38.750 

30.070 

27 

38.750 

31.454 

28 

38.750 

32.838 
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TEST  1-25 


KfSHAP 

z =i.e  oo n 

DISCRIM 

INPUT 

ALPHA*  .050 

INPUT  9 

E(N) 

* 1 2..51032 

E (N)  MU! 

TEST 

ACCENT 

REJECT 

1 

7.093 

0.000 

2 

8.502 

0.000 

3 

9.911 

0.00  0 

4 

11.320 

' 0.000 

5 

12.729 

1.350 

6 

14.138 

2.769 

7 

15.547 

4.178 

8 

16.935 

5.537 

9 

18.364 

5.996 

10 

19.773 

8.405 

11 

21.192 

9.814 

12 

22.591 

11.22  3 

13 

24.000 

12.632 

14 

25.409 

14c  041 

15 

26.818 

15.45  0 

16 

28.227 

16.859 

17 

29.636 

18.267 

18 

31.0  45 

19.676 

19 

32.454 

21.08  5 

20 

33.862 

22.  49^ 

21 

35.271 

23.903 

22 

36.632 

25.312 

23 

36.632 

26.721 

24 

36.632 

28.130 

25 

. 36.632 

29.539 

-26- 

- - - 36.632 

30.948 

• 05  0 


1.500 
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TEST  1-26 


K»SHAPE  *1.9003 

DISCRIMINATION  RATIO 

INPUT 

«LPHA*  .050 

INPUT  PTTAs  .050 

E (N) 

= 11.36258 

E(N>  MULTIPLIER  s 2 

TEST 

ACCEPT 

REJECT 

1 

6.916 

0.000 

2 

6.350 

0.000 

3 

9.786 

• 0.000 

6 

11.218 

.255 

5 

12.652 

1.539 

6 

16.086 

3.126 

7 

15.521 

6.558 

8 

16.955 

5.992 

9 

18.389 

7.626 

10 

19.823 

8.850 

11 

21.257 

10.296 

. 12 

22.691 

11.729 

13 

26.126 

13.163 

16 

25.560 

16.597 

15 

26.996 

16.031 

16 

28.628 

17.665 

17 

29.862 

18.899 

16 

31.296 

20.336 

19 

32.731  . 

21.768 

20 

32.936 

23.20  2 

21 

32.936 

26.636 

22 

32.996 

26.070 

23 

32.936 

27.506 
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DISCRIMINATION  RATIO*  1.500 

INPUT  «*TA*  .05  0 

E(N>  MULTIPLIER  * 2.00 


K*SHA  P:  *2.0  000 
INPUT  AL9HA*  ,050 
E(N)  * 10.57690 


REJECT 
0.000 
' 0.000 
. 0.00  0 
.539 
1.999 
3.458 
4.918 
6.377 
7.837 
9.297 
10.756 
12.216 
13.676 
15.135 
16.595 
18.055 
19.514 
20.974 
22.434 
23.893 
25.353 


ACCE®T 
6.760 
8.219 
9.679 
11.139 
12.598 
14.058 
15.518 
16.977 
18.437 
19.897 
21.3  56 
22.816 
24.276 
25.735 
27.195 
28.655 
30.114 
30.653 
30 .653 
30.653 
30.653 


TEST  1-28 

K,SHAP»  *2.1981  DISCRIMINATION  PATIO*  1.580 

IN«UT  ALPHA*  .050  INPUT  RITA*  .050 


EIN) 

« 4.52342 

E (M)  MULTI»LI 

TEST 

ACCENT 

REJECT 

1 

6.622 

•••88 

2 

8.118 

••980 

3 

9.593 

. 8.09  0 

- . - 4 

11.8*8 

- .885 

5 

12.584 

2.290 

6 

19.0  49 

3.776 

7 

15.535 

5.261 

8 

17.820 

5.747 

9 

18.596 

9.232 

10 

19.911 

9.718 

11 

21.477 

11.203 

12 

22.462 

12.699 

13 

24.447 

14.174 

1% 

25.933 

15.659 

15 

27.418 

17.145 

16 

28.904 

18.630 

17 

24.709 

20.116 

18 

29.709 

21.601 

19 

29.709 

23.097 

20 

29.709 

24.572 

i 


•v 


2.00 


. n.  ' 


160 


I 


c 


K, SHAPE  *2.2  000 
IN®UT  ALPHA*  .050 
E(N)  * 8.77921 


TEST  1-29 

DISCRIMINATION  PATIO*  l.®00 

INPUT  9ETA*  .050 

E(N)  MULTIPLIER  = 2.00 


; 

TEST 

ACCEPT 

REJECT 

v 

1 

6.501 

0.000 

f X ■ 

2 

8.012 

0.000 

* 

3 

9.523 

0.000 

. 

4 ' 

11.0  35 

1.057 

5 

12.546 

2.568 

6 

14.056 

4.08  0 

7 

15.569 

5.591 

8 

17.051 

7.103 

• • . 

9 

18.592 

8.614 

* 

10 

20.104 

10.125 

• 

11 

21.615 

11.637 

• 

12 

23.127 

13.148 

1 

13 

24.638 

14.660 

IV 

26.150 

16.171 

15 

27.206 

17.683 

16 

27.206 

19.194 

• . 

j 

17 

27.206 

20.706 

t 

1 ( ; - 

16 

27.206 

22.217 

1 . ' • 

• ■ 

• 

m 

TEST  I -TO 


I"  K, SHAPE  *2.3  000  OISCRIMTNATION  PATIO*  1.500 

INPUT  ALPHA*  .050  INPUT  9ET A*  .05  0 
E(N)  * 8.12606  E(N)  MULTIPLIER  * 2.00 

ft'  m 


TEST 

ACCEPT 

REJECT 

1 

6.393 

0.000 

2 

7.931 

0.000 

3 

9.466 

0.00  0 

4 . 

11.006 

1.296 

5 

12.544 

2.834 

6 

14.082 

4.371 

7 

15.619 

5.909 

8 

17.157 

7.447 

9 

18.695 

8.964 

10 

20.232 

10.522 

11 

21.770 

12.060 

12 

23.308 

13.598 

13 

24.846 

15.135 

14 

26.141 

15.673 

15 

26.141 

18.211 

16 

26.141 

19.749 

17 

26.141 

21.286 
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TEST  1-31 


K.SHAPS  *?.4noo 
INPUT  ALPHA*  .050 
E(N)  = 7.54942 


DISCRIMINATION  PATIO* 
INPUT  9" TA*  .050 
E(N)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCEPT 

REJECT 

1 

6.297 

0.00  0 

2 

7.862 

0.00  0 

3 

9.426 

' 0.000 

4 

10.990 

1.524 

5 

12.554 

3.088 

6 

14.119 

4.652 

7 

15.693 

6.217 

6 

17.747 

7.781 

9 

18.811 

9.345 

10 

20.376 

10.909 

11 

21.940 

12.  474 

12 

23.504 

14.038 

13 

25.028 

15.602 

14 

25.0  28 

17.166 

15 

25.028 

18.731 

16 

25.0  28 

20.295 

TEST  1-32 


K,  SHAPE  *2.5  00  0 
INPUT  ALPHA*  .050 
E(N)  * 7.03756 


DISCRIMINATION  PATIO* 
INPUT  9fTA*  .050 
E(N)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCEPT 

REJECT 

1 

6.213 

0.000 

2 

7.804 

0.000 

3 

9.395 

• 152 

4 

10.986 

1.743 

5 

12.577 

3.334 

6 

14.168 

4.925 

7 

15.759 

6.516 

8 

17.350 

8.107 

9 

18.941 

9.698 

10 

20 .532 

11.289 

11 

22.123 

12.890 

12 

23.714 

14.471 

13 

23.865 

16.062 

14 

23.865 

17.653 

15 

23.865 

19.244 
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TEST  1-33 


K*  SHAPE  *2.8  no 0 
INPUT  ALPHA*  .050 
ECN)  * % 80341 


DISCRIMINATION  PATIO*  1.500 

INPUT  P'TA*  .05  0 

E(N>  MULTIPLIER  * 2.00 


TEST 

ACCENT 

REJECT 

1 

6.011 

0.000 

2 

7.684 

0.000 

3 

9.357 

• 680 

4 

11.0  30 

2.353 

5 

12.703 

4.*026 

6 

14.375 

5.698 

7 • 

16.048 

7.371 

8 

17.7  21 

9.044 

9 

19.394 

10.717 

10 

20.074 

12.390 

11 

20.074 

14.063 

12 

20.074 

15.735 

Kf SHAPE  *3.0000 
INPUT  ALPHA*  .050 
ECN)  = 5.16879 


TEST  1-34 

DISCRIMINATION  RATIO*  1.500 
INPUT  9"TA*  .05  0 

E <N)  MULTIPLIER  = 2.00 


TEST 

1 

--  2 

3 


ACCEPT 

5.913 

7.641 

9.370 

11.098 

12.827 

14.556 

16.284 

18.013 

19.014 

19.014 

19.014 


REJECT 
0.000 
0.00  0 
1.001 
2.730 
4.459 
6.187 
7.916 
9.64t 
11.373 
13.101 
14.830 


TEST  1-35 


..-HIP*,., 


K.  SHAPE  =3.3000 

DISCRIMINATION  RATI')*  1.500 

INPUT 

ALPHA*  .050 

INPUT  PITA*  .050 

ECN) 

= 4.41375 

E (N)  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

• 1 

5.906 

0.000 

2 

7.620 

0.000 

3 

9.434 

. 1.450 

4 

11.247 

3.264 

5 

13.051 

5.078 

6 

14.975 

6.892 

7 

16.325 

8.706 

8 

16.325 

10.520 

9 

16.325 

12.334 

TEST  1-36 

K»  SHAPE  *3.6  000 

DISCRIMINATION  PATIO*  1.500 

INPUT 

ALPHA*  .050 

INPUT  BIT  A*  ,05  0 

E(N) 

= 3.92955 

E (N)  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

1 

5.737 

0.000 

2 

7.638 

0.000 

3 

9.540 

1.  859 

4 

. 11.441 

3.770 

5 

13.342 

5.671 

6 

15.211 

7.573 

7 

15.211 

9.474 

6 

15.211 

11.376 

( 
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TEST  1-37 


KfSHAP 

E *3.9000 

discrimination  patio* 

INPUT 

ALPHA*  .050 

INPUT  PET  A*  .05  0 

E(N) 

* 3.36713 

ECN)  MULTIPLIER.  = 2. 

TEST 

ACCE*T 

REJECT 

1 

5.598 

0.000 

2 

7.689. 

.275 

3 

9.679 

. 2.266 

4 

11.570 

4.256 

5 

13.661  . 

6.247 

6 

13.936 

8.233 

7 

13.936 

10.229 

K, SHAPE 

*4.  3 000 

DISCRIMINATION  RATIO 

INPUT  ALPHA*  .050 

INPUT  9- TA*  .05  0 

E(N) 

* 2.88543 

ECN)  MULTIPLIER  = 2 

TEST 

ACCENT 

REJECT 

1 

5.682 

0.000 

2 

7.795 

• 658 

3 

9.908 

2.771 

4 

12.021 

4.88  4 

5 

12.679 

6.997 

6 

12.679 

9.110 

|; 

I 


500 


500 


TEST  1-39 


K,SHAP 

" *4.6  000 

DISCRIMINATION  RATIO*  1.500 

INPUT 

ALPHA*  .050 

INPUT  9“T A*  .050 

E(N> 

* 2.598  00 

E(N)  MULTIPLIER  * 2.00. 

TEST 

ACCEPT 

REJECT 

1 

5.691 

0.000 

2 

7.893 

• 930 

3 

10.105 

. 3.137 

4 

12.312 

5.344 

5 

13.242 

7.551 

6 

13.242  . 

9.758 

TEST  1-40 

K,SHAPE  =5.7000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .050  INPUT  9"TA=  .050 

E(N>  * 1.37903  E(N)  MULTIPLIER  * 2.00 


TEST 

1 

2 

3 

4 


ACCENT 

5.834 

8.400 

10.252 

10.252 


REJECT 

0.000 

1.963 

4.428 

6.994 


) 


ACCELERATED  TEST  W/0  REPLACEMENT 
INPUT  ALPHA=  .IOC  INPUT  BET  As  .103 
MULTIPLICATION  FACTORS  1.50  NMAX*  5000 


K 

• 50 

• 52 

• 54 

• 56 

• 58 

• 60 

• 63 

• 65 

• 68 
.70 
.73 

• 75 

• 80 

• 85 

• 90 

• 95 

1.00 
U 10 
1.20 

1.30 

1.40 
1.  50 
1*60 

1.70 
1.  80 

1.  90 

2.00 
2*10 

2.  20 

2.30 

2.40 
2.50 
2.80 

3.00 
3*30 
3.60 
3*90 

4.30 
4*60 

5.70 


ALPHA 

• 128 

• 133 

• 127 
.129 

• 145 

• 142 
.137 
.136 

• 143 

• 133 
.137 
.139 
.139 

• 132 

• 138 
.143 

• 144 

• 148 

• 130 

• 140 
.137 

• 136 

• 128 

• 132 
.127 

• 128 
.129 

• 125 

• 124 

• 114 

• 123 

• 121 

• 127 

• 107 

• 113 

• 113 

• 102 

• 113 

• 103 

• 100 


BETA 

• 133 

• 124 
.115 

• 118 

• 119 

• 117 

• 112 

• 115 

• 123 

• 114 

• 114 

• 109 

• 109 

• 122 
• 116 
• 106 

• 114 

• 103 

• 097 

• 100 
• 100 

• 089 

• 092 

• 093 

• 083 
.080 
.078 
.077 

• 073 

• 068 
• 068 

• 063 

• 068 

• 056 

• 051 

• 059 

• 042 
. 045 

• 041 

• 036 


N(  0 ) 

75,49 
70.40 
64.  7C 
61,  11 

57.87 
53.76 
49.  30 

44.88 
42.32 
39.86 
37,08 

34.37 
31.04 

27.39 
24.20 
22.19 
20.10 

16.67 

14.37 

12.40 

10.67 

9.48 
8,47 

7,55 
6.  84 
6,33. 
5,87 

5.27 
4.83 
4.58 

4.27 
4,06 

3.27 
3.10 
2.64 

2.28 
2.16 
1.82 
1.78 

1.37 


N ( 1 ) 

82.69 

77.37 

71.83 

67.89 

63.23 
58.33 

54.55 
5G.65 

47.48 
44.47 
41.74 

39.55 
35.07 

31.49 

28.73 

25.73 

23.67 

19.93 

17.28 
15.0  2 

13.23 

11.93 

10.74 
9.65 
8.84 
8.18 
7.58 

6,93 
6.  44 
6.16 
5.73. 
5.45 
4.54 
4.27 
3.68 
3.15 
2.96 
2.52 
2.43 
1.87 


T < C I 

5.858 

5.313 

4,588 

4.387 

4.145 

3.809 

3.339 

2.993 

2.944 

2.797 

2.533 

2.452 
2.315 
2.137 
1.  980 
1.933 
1.850 
1.728 
1.642 
1.609 
1.562 
1.516 
1.5G9 
1.509 
1.466 
1.455 

1.453 
1.436 
1.431 
1.400 
1.402 
1.374 
1.363 
1.341 
1.311 
1.292 
1.275 
1.249 
1*244 
1.193 


T (1) 

6.842 

6.125 

5.203 

4.950 

4.30  5 
3.865 
3.437 
3.140 
2.976 
2.687 
2.516 
2.367 
2.147 
1.953 
1.856 
1.630 
1.611 
1.4^5 
1.314 
1.271 
1.228 
1.178 
1,153 
1.146 
1.096 
1.077 
1.063 

1.048 
1.062 
1.007 

1.030 

• 983 
1.029 

.977 

.970 

• 987 

• 953 

• 989 

• 973 
.975 
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ACCELERATED  TEST  W/0  REPLACEMENT 
1 INPUT  ALPHA*  .130  INPUT  BET A*  .103 

MULTIPLICATION  FACTOR*  2.00  NMAX*  5000 


K 

ALPHA 

BETA 

NIC) 

N (1 ) 

T(  0) 

TUI 

• 50 

• 112 

• 109 

81.05 

89.77 

3.41 2 

3.981 

• 52 

• 116 

• 106 

76.32 

84.95 

3.392 

3.927 

• 54 

• 119 

• 098 

70.41 

78.44 

2.913 

3.335 

• 56 

• 114 

• 101 

66,75 

72.77 

2.847 

2.856 

• 58 

• 122 

. 101 

62.58 

67.93 

2.713 

2.666 

• 60 

• 110 

• 190 

58.42 

64.29 

2.421 

2.470 

• 63 

• 127 

• 099 

53.88 

59.34 

2.352 

2.229 

• 65 

• 120 

• 093 

50.23 

55.51 

2.125 

1.982 

• 68 

• 125 

.397 

46.63 

51.92 

2.030 

1.880 

.70 

• 112 

• 394 

42«  46 

47,94 

1.815 

1.704 

• 73 

• 120 

• 090 

39,82 

45.50 

1.740 

1.711 

.75 

• 119 

• 102 

37,75 

43.27 

1.722 

1.647 

~ .80 

.117 

• 097 

33.  16 

38.38 

1.586 

1.439 

• 85 

• 111 

• 089 

29.62 

33.91 

1.499 

1.299 

• 90 

• 119 

• 090 

26c  99 

31.33 

1.492 

1.289 

• 95 

• 114 

. 093 

23,99 

28.00 

1,430 

1.20  9 

1*00 

• 118 

• 088 

21,78 

25.68 

1.395 

1.158 

' 1.10 

• 121 

• 084 

18,34 

21.58 

1.372 

1.C72 

1*20 

• 117 

• 382 

15.79 

16.54 

1.358 

- 1.022 

1*30 

• 112 

• 077 

13.32 

16.43 

1.331 

1.012 

1*40 

• 108 

• 079 

11.81 

14.57 

1.296 

.965 

1.50 

• 106 

. 077 

10.42 

12.95 

1,288 

.646 

1*60 

• 110 

• 072 

9.39 

11.47 

1.317 

.926 

1.70 

• 109 

.072 

8,26 

10*52 

1.294 

• 924 

1*80 

• 106 

• 069 

7.51 

9.53 

1.308 

• 916 

1.90 

• 115 

• 069 

6.95 

8.83 

1.287 

.897 

2.00 

• 111 

• 065 

6.24 

8.28 

1.323 

.945 

2.10 

• 096 

• 066 

5.70 

7.57 

1.311 

.925 

2*20 

• 100 

• 067 

5.  34 

6.88 

1.321 

• 902 

2.30 

• 105 

• 066 

4.91 

6.53 

1.323 

.922 

2*40 

• 099 

• 054 

4.  66 

6.16 

1.292 

.87  3 

2.50 

• 103 

.057 

4.35 

5.84 

1.303 

• 99 1 

2.80 

• 095 

• 052 

3.63 

4.91 

1.315 

• 90  8 

3.00 

• 097 

• 051 

3.26 

4.  45 

1.315 

.921 

3.  30 

• 092 

• 046 

2.76 

3.90 

1.294 

• 922 

3.60 

• 082 

• 039 

2.53 

3.49 

1.266 

• 863 

3.  90 

• 083 

• 033 

2.24 

3.14 

1.263 

• 894 

4.33 

• 380 

• 039 

1.97 

2.76 

1.254 

.927 

4.60 

• 081 

• 024 

1.89 

2.63 

1.242 

• 910 

5*70 

• 063 

• 018 

1,51 

2.11 

1.  204 

• 912 
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ACCSLERA  Trr)  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SI7t*  1000 
INPUT  ALOHA*  .10  0 INPUT  BET  A*  .100 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  1 


K 

ALPHA 

SETA 

NC0 ) 

• 50 

• 105 

• 103 

80.70 

• 52 

• 116 

• 109 

78.27 

• 54 

• 111 

. 108 

72.70 

• 56 

• 100 

.096 

67.37 

• 58 

.097 

• 120 

61.42 

• 63 

• 104 

.131 

58.64 

• 63 

• 116 

.099 

53.65 

.65 

• 124 

.091 

50,63 

• 68 

.113 

.105 

45.14 

.70 

.107 

• 088 

43.03 

.73 

.124 

. 100 

38.89 

.75 

• 110 

.095 

36.48 

e 80 

• 119 

.091 

33.  76 

o 85 

o 106 

c074 

29.84 

• 90 

• 099 

• 083 

26.  32 

.95 

• 118 

. 084 

24.45 

1.00 

.115 

.097 

22.34 

1*10 

• 129 

. 064 

18.38 

1*29 

.107 

.080 

15.46 

1.30 

• 118 

• 085 

13.  37 

1.40 

• 108 

• 060 

12.20 

1.50 

• 118 

.074 

10.50 

1*69 

• 096 

. 070 

9.19 

1.70 

.0  97 

. 074 

8.  32 

1*80 

• 108 

.059 

7.60 

1*90 

• 107 

.063 

6.  81 

2*00 

• 120 

• 058 

6.23 

2.10 

• 104 

. 057 

5.82 

2.20 

• 185 

.062 

5.29 

2.30 

• 093 

.053 

4*93 

2.40 

• 107 

. 056 

4,63 

2.50 

• 082 

.062 

4.26 

2,80 

• ill 

• 361 

3.64 

3.00 

• 086 

.347 

3.26 

3.30 

.099 

.036 

2.85 

3.6C 

• 096 

• 039 

2.52 

3.90 

• 083 

.0  36 

2.25 

4.30 

• 078 

• 024 

1.94 

4.60 

• 064 

.019 

1.8$ 

5.70 

• 062 

• 019 

1.52 
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N ( 1)  T (0)  TCI) 

91. 87  245.891  184.219 

87.01  219.  301  163.733 

79.33  190.383  139.224 

75.04  167,365  124.687 

66.24  146.260  105.369 

66.07  133.252  101.437 

60.02  115.159  85.866 

55.90  102.414  76.074 

51.78  89.266  68.193 

98.36  82.106  60.998 

45.57  71.946  56.170 

4*3  • 75  65.722  52.351 

38.26  '57.126  43.353 

34.89  43.656  37.784 

30  . 4 4 41.96  5 31.684 

27,70  ’ 37.321  28.10  7 

25.37  33.440  25.379 

22.08  26.462  21.351 

18.46  21.834  17.273 

16.30  18.413  15.084 

14.66  16.517  13.339 

13.0  6 14.144  11,806. 

11.17  12. 439  9.926 

10.36  11.148  9.260 

9.84  10.106  8.794 

8.73  9.083  7.725 

7.88  6.263  6.862 

7.51  7.748  6.638 

7.00  7,019  6.193 

6.4  6 6 . 554  5.706 

6.14  6.116  5.438 

5.86  5.758  5.239 

4.85  4.816  4.319 

4.54  4.388  4.082 

3.83  3.825  3*426 

3.57  3.396  3.226 

3.22  3.075  2.937 

2.75  2.674  2.486 

2.67  2.550  2*.  432 

2.11  2.104  1.952 
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ACCELERATED  T 

“STS  WITH  REPLACEMENT 

• 

> 

MONTE 

CARLO  SITE  * 

1000 

INPUT 

ALPHA* 

• 100 

INPUT  BETA*  .10  0 

multiplication 

PACTOR*  2.00 

NSTANO* 

2 

K 

Al/»HA 

BETA 

N(0) 

N(  1) 

T ( 0) 

TCI  > 

■ 

• 50 

• 102 

• 086 

80.51 

92*.  22 

118.246 

90. SO  4 

• 52 

• 124 

.110 

76,66 

86.72 

104.078 

80.253 

• 51* 

.106 

.096 

72,60 

79.  05 

92.  152 

68.071 

• 56 

• 109 

• 096 

65.96 

74.64 

79  . 87  3 

60.903 

• 58 

• 111 

.124 

60.00 

67.  40 

69.460 

53.073 

j 

• 60 

• 100 

.116 

53.33 

67.  13 

64.594 

50.678 

• 63 

• 110 

.096 

53.58 

59.  35 

56. 177 

41.868 

• 65 

.121 

• 088 

49.53 

55.  01 

49.452 

36.890 

• 68 

• 122 

.099 

45.20 

51.  76 

43.679 

33.650 

.70 

.122 

• 098 

41.79 

47.  85 

39.072 

29.347 

• 73 

• 116 

• 102 

38.70 

45.55 

35.279 

27.894 

• 75 

• 099 

• 095 

36.81 

42.  67 

32.763 

25.239 

* .80 

©118 

e 096 

34.10 

38c  25 

28  C 48  5 

21.531 

V h 

©85 

olOO 

o 096 

30.76 

34,  12 

24.842 

18,498 

. 

• 90 

.116 

• 073 

26.43 

30.  45 

20.806 

15.756 

- 

.95 

.121 

• 082 

24.13 

27.69 

18.381 

14.069 

1.00 

.115 

• 079 

21.81 

25.  63  ‘ 

16. 362 

12.714 

1*10 

.107 

• 087 

17.67 

21.44 

13.020 

10.341 

1.20 

.120 

• 079 

16.04 

18.75 

11.  385 

8.  975 

: 

* 

1.30 

.121 

.074 

13.47 

16.  16 

9.477 

7.491 

I i 

it 

1.60 

.099 

• 081 

11.80 

14.35 

8.336 

6.548 

f < 
: ^ 

1.50 

• 116 

.078 

10.66 

12.64 

7.415 

5.799 

1.60 

.110 

• 062 

9.32 

11.74 

6.554' 

5.376 

1*70 

• 101 

.076 

8.19 

10.36 

5.793  ' 

4.724 

1.80 

.137 

• 068 

7.74 

9.59 

5.38  0 

4.  399 

1.90 

• 111 

• 074 

6.97 

8.63 

4.954 

3.936 

2.80 

• 101 

.048 

6.29 

7.97 

4.517 

3.520 

2.10 

.092 

.073 

5.62 

7.53 

4.137 

3.504 

2.20 

• 116 

• 068 

5.34 

7.  19 

3.863 

3.371 

2*30 

• 096 

.050 

5.04 

6.58 

3.716 

3.051 

2.60 

• 085 

• 044 

4.65 

6.  27 

3.50  8 

2.910 

. 2.50 

• 095 

• 060 

4.42 

5.79 

3.330 

2.724 

2.80 

• 090 

• 049 

3.71 

4.99 

2.870 

2.383 

■ 

3*00 

• 093 

• 053 

3.22 

4.  53 

2.578 

2.214 

3*30 

• 109 

.051 

2.88 

3.84 

2.337 

1.883 

3.60 

• 096 

• 032 

2.57 

3.57 

2.165 

1.780 

3*90 

• 073 

.035 

2.28 

3.13 

1,996 

1.577 

**•30 

• 089 

.031 

2.06 

2.77 

1.823 

1.422 

*>•60 

• 069 

• 022 

1.93 

2.60 

1.772 

1.334 

. 

5.70 

• 070 

• 016 

1.46 

2.09 

1.515 

1.128 

r 

. 

% 

• • - 

, 
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ACCELERATE!)  TESTS  WITH  REPLACEMENT  , 
NONTF  CARLO  SIZE  = 1000 

INPUT  ALPHA*  ,100  INPUT  BETA*  .10  0 


T ( 0) 

75.305 
66.083 
58.833 
52*  223 
44.881 
42.096 
36*285 
32*108 
28  . 648 
26.013 
23.873 
22.071 
18.498 
16*105 
13.  366 
12*310 
10.993 


1*984 


TCI) 

56.951 
52*55  0 
44.843 
40.263 
35.464 
32.55  0 
27.835 
24.  14* 
22.571 
20.743 
16.060 
16.215 
14.095 
12*245 
10.598 
9*490 
8.669 


7*462 

5.355 

6.319 

5.007 

5*686 

4.539 

4*982 

3*980 

4*535 

3.565 

4*023 

3*308 

3.722 

3*093 

3*529 

2*763 

3*173 

2*579 

3*052 

2*36  4 

99 


1.903 


55 

53 


1.381 

1*319 

1*185 


17 


ACCELERATEO  TESTS  WITH  REPLACEMENT  - 
MONTE  CARLO  SIZE  * 1000 

INPUT  ALPHA*  .100  INPUT  BETA*  .100 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  5 


K 

ALPHA 

9ETA 

N ( 0) 

N (1) 

T € 0) 

T (1) 

• 50 

• 111 

.097 

79.81 

92.54 

43.002 

34.316 

• 52 

.121 

.104 

75.55 

87.94 

37.969 

31.006 

• 5* 

• 113 

.106 

70.97 

79.23 

33.614 

26.044 

• 56 

• 104 

.094 

65.76 

75.87 

29.811 

23.675 

• 56 

.125 

.110 

59.87 

67.85 

25.841 

20.314 

• 60 

.100 

.107 

57.04 

66.51 

23.740 

19.141 

• 63 

.107 

.091 

53,63 

59.50 

21.218 

16.039 

• 65 

.125 

• 104 

49.58 

55.21 

18.791 

14.417 

.68 

.121 

.090 

45.10 

53.28 

16.521 

13.416 

.70 

.115 

.109 

42.52 

48.38 

15.153 

11.860 

.73 

.107 

.091 

39.05 

46.32 

13.621 

10.980 

.75 

• 115 

.395 

38.27 

42.52 

12.898 

9.819 

• 80 

• 112 

.104 

34.30 

39.28 

11.125 

8.739 

.85 

ol42 

e 078 

30.29 

34.93 

9.432 

7.427 

.90 

• 114 

.090 

26.69 

31.26 

8.235 

6.501 

.95 

.108 

• 083 

24.03 

27.79 

7.289 

5.608 

1.00 

• 113 

.087 

21.72 

25.28 

6.538 

5.022 

1.10 

• 113 

.101 

18.15 

21.30 

5.373 

4.181 

1.20 

.111 

.077 

15.75 

18.76 

4.648 

3.621 

1.30 

• 141 

.072 

14.02 

16.20 

4.082 

3.098 

1.40 

.112 

.076 

11.66 

14.58 

3.511 

2.815 

1.50 

.122 

.069 

10.49 

12.68 

3.190 

2.441 

1.60 

.091 

.066 

9.11 

11.59 

2.876 

2.252 

1.70 

.100 

• 068 

8.46 

10.59 

2.680 

2.082 

1.60 

.110 

.073 

7.47 

9.50 

2.443 

1.887 

1.90 

.114 

.069 

6.96 

9.05 

2.317 

1.840 

2.00 

.107 

.055 

6.08 

8.20 

2.107 

1.674 

2.10 

.098 

.063 

5.68 

7.58 

2.025 

1.576 

2.20 

.107 

.060 

5.19 

6.99 

1.907 

1.469 

2.30 

.111 

.051 

4.88 

6.49 

1.823 

1.390 

2.40 

• 082 

.045 

4.75 

6.24 

1.822 

1.349 

2.50 

.114 

.071 

4.52 

5.77 

1.725 

1.289 

2.60 

.099 

.051 

3.66 

4.95 

1.554 

1.157 

3.00 

.093 

.041 

3.23 

4.41 

1.466 

1.057 

3.30 

.105 

.038 

2.78 

3.86 

1.366 

.984 

3.60 

.093 

.040 

2.68 

3.50 

1.354 

.935 

3.90 

.079 

.032 

2.29 

3.17 

1.271 

.396 

4.30 

.095 

.041 

1.93 

2.79 

1.218 

.865 

- 4.60 

.068 

.028 

1.80 

2.65 

1.215 

.855 

5.70 

.072 

.021 

1.48 

2.10 

1.186 

.812 
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ACCELERATED  TESTS  WITH  REPLACEMENT 
HONTE  CARLO  SIZE*  50  OC 
INPUT  AL«>HAs  .100  INPUT  BETA*  .100 
HULTI PLICATION  FACTOR*  2.00  NSTAND*  1 


K 

ALPHA 

BETA 

N(0) 

N(l> 

7(0) 

TCI) 

• 50 

• 112 

. 113 

82.  25 

91.10 

248.197 

103.506 

1.00 

• 107 

.062 

21.  55 

25.59 

32.466 

25. 475 

1.30 

• 114 

• 062 

13.39 

16.3  9 

18.563 

15.156 

1*60 

• 111 

• 075 

9.21 

11.59 

12.367 

10.407 

2.00 

• 107 

• 067 

6.  19 

6.16 

8.229 

7.252 

2*20 

• 103 

• 060 

5,36 

6.97 

7.118 

6.155 

2.50 

• 097 

• 046 

4,27 

5,85 

5,701 

5.179 

3*30 

• 100 

• 042 

2.77 

3,87 

3.736 

3.462 

A.  30 

• 0 06 

. 032 

1.  99 

2,76 

2.715 

2.514 

5*70 

• 062 

• 020 

1.48 

2.10 

2.063 

1.947 

ACCELERATEO  TESTS  WITH  REPLACEMENT 
HONTE  CARLO  SIZE  - 5000 

INPUT  ALPHA*  .100  INPUT  BETA*  .100 


MULTIPLICATION 

FACTOR* 

2.00 

NSTAND* 

2 

K 

ALPHA 

3ETA 

N ( 0 ) 

MCI) 

T ( 0) 

T (1) 

• 50 

• 104 

.112 

02.97 

91.59 

120.690 

90.733 

1.00 

.114 

.366 

21.76 

25.75 

16.325 

12.849 

1.30 

.117 

.078 

13.16 

16.39 

9.336 

7.643 

1.60 

.107 

.075 

9.16 

11. 5^ 

6.463 

5.274 

/2VOO 

.104 

.070 

6.22 

3.07 

4.491 

3.711 

7 2.20 

.106 

.057 

5.22 

6.99 

3.845 

3.229 

2.50 

• 101 

.054 

4.36 

5.66 

3.280 

2.752 

3.30 

.096 

.041 

2.79 

3.84 

2.299 

1.877 

4.30 

.065 

.031 

1.98 

2.75 

1.797 

1.415 

5.70 

.071 

.318 

1.52 

2.10 

1.535 

1.129 
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ACCELERATED  TESTS  WITH  REPLACEMENT 
HONTE  CARLO  SIZE  * 5000 

INPUT  ALPHA*  ,100  INPUT  BETA*  .100 
MULTIPLICATION  PACTO^*  2. 3(  NSTANO*  5 


K 

ALPHA 

BETA 

N ( 01 

N Cl  1 

T ( 0) 

tci> 

•50 

• 113 

• 100 

82.05 

92.14 

43.912 

34.439 

1*09 

• 115 

• 089 

21.70 

25(61 

6.535 

5.124 

1*30 

• 112 

• 082 

13.29 

16.  26 

3.960 

3.132 

1«69 

• 109 

• 072 

9.17 

11.64 

2.674 

2.270 

2.00 

• 109 

• 067 

6.24 

8.14 

2.141 

1.671 

2.28 

.117 

• 059 

5.40 

6.97 

1.939 

1.469 

2.59 

• 097 

• 049 

4.31 

5«  83 

1.706 

1.266 

3.30 

• 105 

• 043 

2.61 

3,83 

1.  371 

.976 

4*30 

• 086 

• 037 

1.96. 

2,78 

1.224 

• 06  3 

5*73 

• 066 

• 019 

1*  50 

2.11 

1.192 

• 615 

ACCELERATEO  TESTS  WITH  REPLACEMENT 
HONTE  CARLO  SIZE  * 5038 

INPUT  ALPHA*  .100  INPUT  BETA*  .100 


MULTIPLICATION 

FACTOR* 

2.00 

NSTANO* 

7 

N 

ALPHA 

BETA 

Nlfl  I 

NCI) 

TCO) 

TCI) 

• 50 

• 110 

• 1C  9 

81.98 

91.98 

29.923 

23.668 

uoe 

• 119 

• 091 

21.71 

25.38 

4.649 

3.620 

1«  30 

• 114 

• 007 

13.12 

16.27 

2.680 

2.289 

1*68 

• 111 

• 065 

9.27 

11.67 

2.179 

1 • 688 

2*00 

• 112 

• 061 

6.25 

8.13 

. 1.679 

1.275 

2*  20 

• 090 

• 061 

5.33 

7.01 

1.542 

1.153 

2*  50 

• 182 

• 049 

4.36 

5.66 

. 1.392 

1.031 

3.30 

• 102 

• 043 

2.81 

3.87 

1.183 

• 636 

4*30 

• 004 

• 033 

1.98 

2.75 

1.121 

.776 

5*  70 

• 067 

• 016 

1.52 

2.10 

1.  118 

.759 

G 
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ACCELERATED  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE  * 5000 

INPUT  ALPHA*  .100  INPUT  SET  A*  .100 

MULTIPLICATION  FACTORS  2.00  NSTANO=  10 


K 

ALPHA 

BETA 

N ( 0 ) 

till) 

T ( 0) 

TCI) 

• 50 

.113 

.113 

81.94 

91.94 

19.623 

15.729 

1.00 

• 116 

.089 

21.94 

25.74 

3.282 

2.578 

1.30 

.114 

.080 

13.20 

16.36 

2.102 

1.655 

1.60 

.109 

.072 

9.19 

11.46 

1.633 

1.236 

2.0.0 

.099 

.066 

6.22 

8.05 

1.323 

.980 

2.20 

.101 

.056 

5.24 

6.99 

1.228 

.905 

2.50 

.092 

.051 

4.36 

5.81 

1.154 

.82  9 

3.30 

.091 

.043 

2.79 

3.86 

1.041 

.727 

4.30 

• 084 

.035 

1.99 

2.75 

1.023 

.709 

5.70 

.066 

• 019 

1.50 

2.12 

1.045 

.714 

ACCELERATED  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE  * 5000 

INPUT  AL°HAs  .100  INPUT  SETAs  .100 

MULTIPLICATION  FACTORS  2.00  NSTANOs  15 

K 

ALPHA 

BETA 

NCO) 

NCI) 

TtO) 

TCI) 

• 59 

• 109 

.113 

82.42 

91.79 

12.024 

9.652 

1*00 

.115 

• 088 

21.61 

25.57 

2.162 

1.704 

1*30 

• 110 

• 080 

13.30 

16.18 

1.4&3 

1.140 

1.60 

• 112 

• 079 

9.25 

11.54 

1.206 

.911 

2.00 

• 104 

• 064 

6.20 

8.10 

1.  026 

.757 

2*20 

.107 

• 057 

5.32 

7.01 

• 981 

.715 

2.50 

.097 

• 059 

4.35 

5.65 

.945 

• 683 

3.30 

.098 

.0  46 

2.78 

3.86 

.901 

.635 

4.30  ’ 

• 087 

• 034 

2.00 

2.77 

.923 

• 642 

5.70 

• 061 

• 023 

1.50 

2.10 

.974 

• 662 

Q 
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TEST  Il-i 


c 


K, SHAPE  s .5*01 
INPUT  AL»HA=  .100 


0ISCPImTMATI0M  0 ATI3* 
INPUT  3"TA  = ,10f) 


1.000 


E(N) 

= 91.  41231 

E (M)  MULTIPLIER  = 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

13.079 

0.000 

46 

62.  794 

38.847 

2 

14.133 

0.000 

47 

63.899 

39.951 

3 

15.288 

0.000 

48 

65.  004 

41.055 

4 

16.393 

. 0.000 

49 

66.108 

42.161 

5 

17.498 

0.000 

50 

67.213 

43.266 

6 

18.602 

0.000 

51 

68.  318 

44  . 370 

7 

19.707 

0.000 

52 

69.  423 

45. *75 

8 

20.812 

0.000 

53 

7 0.529 

46.580 

9 

21.917 

0.000 

54 

71.632 

47.635 

10 

* 23.022 

0.000 

55 

7 2.737 

48.790 

11 

74.176 

.179 

56 

73.842 

49.994 

12 

25.231 

1.294 

57 

74.  94T 

50.999 

13 

26.336 

2.339 

58 

76.  05? 

52.104 

14 

27.441 

3.493 

59 

77.156 

53.209 

15 

28.545 

4.599 

SO 

78.261 

54.314 

16 

29.650 

5.703 

61 

79.  366 

55.413 

17 

30.755 

5.809 

62 

80.471 

56. 523 

18 

31.8  50 

7.912 

63 

81.575 

57.528 

19 

32.965 

9.017 

54 

82.680 

58,733 

20 

34.0  70 

10.122 

65 

83.785 

59.338 

21 

35.174 

11.227 

66 

34.890 

60.942 

22 

36.279 

12.332 

67 

85.  995 

62.047 

23 

37.384 

13.436 

69 

87.099 

63.152 

24 

38.499 

14.541 

69 

88.204 

64.2  57 

25 

39.593 

15.546 

70 

89.309 

55.361 

26 

40.699 

16.751 

71 

90.414 

66.466 

27 

41.803 

17.956 

72 

91.519 

67.571 

28 

42.908 

18.950 

73 

92.  623 

63. 676 

29 

44.013 

20.055 

74 

93.  723 

69.731 

30 

45.117 

21.170 

75 

94.833 

70.885 

31 

46.222 

22.275 

76 

95.  938 

71.999 

32 

47.327 

23.379 

77 

97.043 

73.095 

33 

48.432 

24.434 

78 

98.147 

%.200 

34 

49.537 

25.589 

79 

99.  252 

75.305 

35 

50.541 

25.894 

80 

10  0.357 

76. 409 

36 

51.746 

27.799 

81 

101.  462 

■"7.514 

37 

52.851 

23.903 

82 

10  2.566 

78.519 

38 

53.956 

30.003 

83 

103.  671 

79.724 

39 

55.061 

31.113 

34 

1 Ci  4.  776 

90.829 

40 

56.155 

32.218 

95 

105.881 

31. 933 

41 

57.270 

33.323 

96 

106.986 

83.038 

42 

58.375 

34.427 

87 

108.  090 

84.143 

43 

59.480 

35.532 

88 

109.  195 

85.248 

44 

60.594 

36.637 

89 

110.  300 

36  . 352 

45 

61.599 

37.742 

90 

111.  405 

97. 457 

178 


ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

112.510 

88.562 

136 

162.225 

138,278 

113.514 

89.657 

137 

163.  330 

139.382 

114.719 

90.7  7? 

138 

164.  435 

140.4  97 

115.9*4 

91.876 

139 

165.  539 

141.592 

115.929 

92.931 

14  0 

166.  644 

142  . 697 

118.033 

94.036 

141 

167.749 

143.3  01 

119  .138  * 

" 95.19V 

. i42 

16  8.  854'  ' 

" ^44.906 

120.243 

9S..296 

143 

169.959 

146.011 

121.348 

97.400 

144 

171.  063 

147.116 

122.453 

98.505 

145 

172.  169 

149  . 221 

123.557 

99.610 

146 

173.273 

149.325 

124.652 

100.715 

147 

174.37  3 

150.430 

125.767 

101.820 

148 

175.493 

151.535 

126  •i'T2 

102.924 

149 

176.587 

152.540 

127  .9  T7 

104.029 

15  0 

177.692 

1 33. 745 

129.081 

105.134 

151 

173.79* 

154.3  49 

130.186 

106.239 

152 

179.  90  2 

155.954 

131.291 

107.343 

15  3 

181.006 

157.059 

132.396 

108.448 

154 

182.  Ill 

153.164 

133. 5ni 

109.553 

155 

19  3.216 

159.269 

134.605 

110.658 

156 

194.321 

160.373 

135.710 

111.753 

15  7 

185.  426 

151.473 

136.315 

112.367 

15  3 

135.530 

162.583 

137.9*0 

113.972 

159 

187.  635 

163.533 

139.0  24 

115.077 

16  0 

138.  740 

154,792 

140.129 

115.132 

161 

189.845 

155.397 

141.234 

117.287 

162 

190.  950 

167.002 

142.339 

118.391 

16  3 

192.054 

159.107 

143,444 

119.496 

164 

193,159 

169.212 

144.548 

120.501 

16  5 

194.264 

170.316 

145.653 

121.706 

16  6 

195.  369 

1*1.421 

146.758 

122.811 

16  7 

196.474 

172.525 

147.363 

123.915 

16  3 

19*.  578 

1*3.631 

148.968 

125. 020 

169 

198.683' 

1*4.  73(v 

150.0*2 

125.125 

170 

199.  *88 

1*5.  3 40 

151.177 

127.230 

171 

200.893 

1*6,945 

152.232 

128.334 

172 

201.  997 

1*3.  050 

153.387 

129.439 

17  3 

20  2.  176 

179.155 

154.492 

130.544 

174 

202.  176 

130.260 

155.596 

131.649 

17  5 

20  2.175 

191.364 

156.701 

132.754 

176 

20  2.  176 

132.469 

157.806 

133.858 

17  7 

20  2.  175 

183.  574 

158.911 

134.953 

178 

20  2.175 

134.579 

160.015 

136.053 

179 

202.  175 

185,  T33 

161.120 

137.173 

18  0 

202.  175 

136.339 

ACCENT 

202*175 

202.1*5 

202.1*6 


REJECT 

187.993 

189.098 

190.203 


TEST  1 1- 2 


K,SHAP 

IN°UT 

E(N) 

" = .5700 
ALPHAS  .100 
* 8 4*  73580 

DISCRIMINATION  RATIO*  1.500 
INPUT  9'TAs  ,10  0 
E (N)  MULTIPLIER  * 2.00 

TEST 

* 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

12,668 

0,-000 

46 

62.  578 

39.461 

2 

13.777 

0.000 

47 

63,687 

40.570 

3 

14.886 

0.000 

49 

64.  796 

41.580 

4 

15.995 

0.000 

49 

65.905 

42  . 7 89 

5 

17.104 

0.000 

50 

67.015 

43.898 

6 

18.213 

0.000 

51 

63.124 

45.007 

r 

19.322 

0.  000 

52 

69.233  • 

46.116 

8 

20.431 

0.000 

53 

70.34? 

47.225 

9 

21.540 

0.  000 

54 

71.  451 

43. 334 

10 

22.650 

0.000 

55 

72.560 

49  . 443 

11 

* 23.759 

.642 

56 

73,  669 

50.552 

12 

24.860 

1.751 

57 

74.  778 

51.562 

13 

25.977 

2.860 

58 

75.888 

52,771 

14 

27.005 

3.959 

59 

76.997 

53.380 

15 

20.195 

5.079 

60 

78.106 

54.999 

16 

29.304 

5.198 

61 

79.215 

56.099 

17 

30.413 

7.297 

62 

8 0.32  4 

57.207 

18 

31.573 

8.406 

63 

81.  433 

59. 316 

19 

32.632 

9.515 

64 

87.  542 

59.425 

20 

33.741 

10.524 

55 

83.651 

' 50.535 

21 

34.850 

11.733 

66 

84.760 

61.544 

22 

35.959 

12.842 

67 

85.870 

62.  753 

23 

37.068 

13.951 

69 

86.  979 

63.862 

24 

38.177 

15.051 

69 

88.088 

64.971 

25 

39.286 

16.170 

70 

89.  197 

66.080 

26 

40.395 

17.279 

71 

90.  305 

67.189 

27 

41.505 

18.338 

72 

91.415 

58.298 

28 

42.614 

19.497 

73 

92.524 

69.403 

29 

43.773 

20.606 

74 

93.633 

70.517 

30 

44.032 

21.715 

75 

94.743 

71.  525 

31 

45.941 

22.324 

76 

95.85? 

72.735 

32 

. 47.050 

23.934 

77 

96.961 

73.944 

33 

48.159 

25.043 

73 

90.070 

▼4, 953 

34 

49.769 

25.152 

79 

99.179 

76.062 

35 

50.378 

27.251 

80 

100.288 

77.171 

36 

51.407 

23.370 

81 

101.397 

▼8.281 

37 

• 52.596  . 

29.479 

82 

102.506 

79.  390 

38 

53.705 

30.538 

83 

103.616 

80.499 

39 

54.814 

31.697 

84 

104.725 

81.508 

40 

53.973 

32.807 

85 

105.834 

92.717 

41 

57.0  32 

33.916 

86 

106.  943 

03.825 

42 

58.142 

35.075 

87 

103.052 

94.915 

43. 

59.251 

36.134 

88 

109.161 

96.044 

44 

60.360 

37.243 

89 

110.  270 

87.154 

45 

. 61,469 

38.352 

180  ■ 

90 

111.  379 

88.263 

AD-A034  999 
UNCLASSIFIED 


AIR  FORCE  INST  OF  TECH  WRI6HT-PATTERS0N  AFB  OHIO  SCH--ETC  F/6  12/1 
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r^j 
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I 

ii 
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l 
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§ 
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*' 


TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

91 

112*489 

89.372 

136 

162.  399 

139.282 

92 

113.598 

90.491 

137 

163.508 

140  . 391 

91 

114.717 

91.590 

138 

164.  617 

141.501 

94 

115.816 

92.695 

139 

165.726 

142.610 

95 

116.925 

93.508 

140 

166.636 

143.719 

96 

118.034 

94.917 

141 

167.  945 

144  . 328 

97 

119.143 

96.027 

142 

169.054 

145.937 

98 

120.252 

97.136 

143 

170.163 

147.0  46 

99 

121.362 

98.245 

144 

171.  272 

148.155 

100 

122.471 

99.334 

145 

172.381 

149.264 

101 

123.580 

100.463 

146 

173.490 

150  .-374 

' ' - 102 

124  .599  ’ * 

101.572 

147 

174.599 

151. 483 

103 

125.798 

102.681 

148 

175.709 

152.592 

104 

126.907 

103.79  0 

149 

176.818 

157,  r 01 

105 

129.016 

104.399 

15  0 

172,  92* 

154.810 

106 

129.125 

106.009 

151 

179.  036 

155,919 

107 

130.2  35 

107.118 

15  2 

18  0.  145 

157.0  28 

108 

131.344 

108.227 

15  3 

161.  254 

158.137 

109 

132.453 

109.  336 

154 

182.363 

159,247 

110 

133.562 

110.445 

155 

183.  472 

180.356 

111 

134.671 

111.554 

156 

184.582 

151.465 

112 

135.780 

112.662 

157 

185.691 

152.574 

113 

136.339 

113.772 

15  8 

186.800 

163.583 

114 

137.998 

114.39  2 

159 

187.909 

154.792 

115 

139.107 

115.991 

16  0 

188.551  • 

165.901 

116 

140. ?17 

117.100 

161 

188.551 

152.010 

117 

141.325 

118.209 

162 

188.551 

158.119 

118 

142.435 

119.318 

153 

183.551 

159.229 

. li* 

143.544 

120.427 

164 

188.551 

170.338 

120 

144.653 

121.536 

165 

183.551 

171.447 

121 

145.762 

122.645 

166 

188.551 

172  . 556 

122 

146.871 

123.755 

167 

188.  551 

173.665 

123 

147.990 

124.864 

16  8 

188,551 

174.  774 

124 

149.090 

125.973 

169 

183.  551 

175.3  83 

125 

150.199 

127.082 

170 

188.551 

176.992 

126 

151.308 

128.191 

127 

152.417 

129.300 

128 

153.526 

130.409 

129 

154.635 

131.516 

130 

155.744 

132.623 

131 

156.853 

133.737 

132 

157,963 

134.846 

133 

159. 0*2 

135.955 

134 

160.131 

137.064 

135 

161.290 

138.17? 
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TEST  1 1- 3 


f 


K.SHAPE  * 

.5400 

DISCRIMINATION  RATIO*  1.500 

INPUT  AL°HAs  .100 

INPUT  9’TA* 

.10  0 

ECN)  = 

7 8.78141 

E (N)  MULTIPLIER.  = 

2.  00 

TEST 

ACCEPT 

REJEOT 

TEST 

ACCEPT 

REJECT 

1 

12.237 

o.-ooo 

46 

62.393 

40.046" 

2 

13.401 

0.000 

47 

6 7.507 

41.159 

3 

14.514 

0.000 

48 

64.620 

42.273 

4 

15.628 

0.000 

49 

65.734 

43.386 

5 

16.7  41 

0.000 

50 

66.847 

44  . 499 

6 

17.355 

0.000 

51 

67.  961 

45.513 

7 

18.958 

0.000 

52 

69.  074 

46.  726 

8 

20.0  32 

0.000 

53 

70.189 

47. 340 

9 

21.195 

0.000 

54 

71.301 

48.953 

10 

22.309 

0.  000 

55 

72.415 

50. 067 

11 

23.472 

1.074 

56 

73.529 

51.180 

12 

24.536 

2.183 

57 

74.  642 

52.294 

13 

25.649 

3.301 

58 

75.  755 

53  . 4 07 

14 

26.762 

4.415 

59 

76.868 

54.521 

15 

27.875 

5.528 

60 

77.982 

55.634 

16 

28.939 

5.54? 

61 

39.095 

56.743 

17 

30.103 

7.755 

62 

80.209 

57,  361 

18 

31.215 

8.869 

63 

81.  322 

53.975 

19 

32.370 

9.982 

64 

82.  436 

60. 038 

20 

33.643 

11.095 

65 

83.549 

61.201 

21 

34.557 

12.209 

66 

34.663 

62.315 

22 

35.670 

13.322 

67 

85.776 

63.428 

23 

36.734 

14.436 

68 

86.  890 

64  . 542 

24 

37.897 

15.569 

69 

83.003 

65.655 

25 

39.011 

16.653 

70 

89.117 

66,  769 

26 

40.124 

17.776 

71 

90.230 

67.882 

27 

41.278 

19.890 

72 

91.344 

68.996 

20 

42.351 

20.003 

73 

92.  45 r 

70.109 

29 

43.464 

21.117 

74 

93.570 

71.223 

30 

44.578 

22.230 

75 

94.684 

72  . 336 

31 

45.691 

23.344 

76 

95.  797 

77.  450 

32 

46.905 

24.457 

77 

96.  911 

74  . 563 

33 

47.918 

25.571 

78 

93.024 

25.577 

34 

49.072 

25.686 

79 

99.133 

75  . 790 

39 

50.145 

27.797 

80 

100.  251 

77.903 

3§ 

51.259 

28.911 

81 

101.365 

29.017 

* 37 

52.372 

30.024 

8? 

102.473 

30.130 

30 

53.496 

31.138 

87 

103.  592 

31.244 

39 

54.599 

32.251 

84 

104.  705 

92.357 

40 

55.713 

33.365 

35 

105.819 

93.471 

61 

56.926 

34.478 

95 

106.932 

94.584 

62 

57.940 

35.592 

87- 

106.046 

95.699 

63 

39.053 

36.705 

83 

109.  159 

36.911 

66 

60.165 

37.319 

89 

110.  272 

97  . 925 

69 

61.280 

38.932 

90 

111.  386 

99.038 

; i 


V 


v; 

i -a] 


i 


182 
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ii 


! • 


TEST 

accept 

REJECT 

TEST 

ACCEPT 

REJECT 

SI 

112.499 

90.152 

136 

162.605 

140.258 

92 

113.613 

91.255 

137 

163.  719 

141.371 

93 

114.726 

92.379 

138 

164.  832 

14?. 485 

94 

115.840 

93.492 

139 

165.946 

143.593 

95 

115.953 

94.606 

14  0 

167.059 

144.712 

96 

118.067 

95.719 

141 

168.173 

145  . 325 

97 

119.150 

96.832 

142 

169.286 

146.938 

98 

120.294 

97.-946 

143 

170.  40  0 

148.052 

99 

121.407 

99.059 

144 

171.513 

149.165 

100 

122.521 

100.173 

145 

172.  627 

150.279 

101 

123.634 

101.236 

146 

173.  740 

151.392 

102 

124.748 

102.400 

147 

174.  854 

152.505 

103 

125.861 

103.513 

148 

175. 928 

• 153.519 

104 

126.975 

104.627 

149 

175.  923 

154.733 

105 

128.083 

105.740 

15  0 

175.  923 

1 55,  5 46 

106 

129.201 

105. 354 

151 

175.923 

156.950 

107 

130.315 

107.957 

15  2 

175.923 

158.073 

108 

131.428 

109.031 

153 

175.928 

159.187 

109 

172.542 

110.194 

154 

175.  923 

150.300 

110 

133.655 

111.308 

155 

175.  92  8 

151.414 

111 

134.789 

112.421 

156  ‘ 

17«.928 

152.527 

112 

135.832 

113.534 

157 

175.928 

163.540 

113 

136.996 

114.648 

15  8 

175.928 

154.754 

114 

138.109 

115.751 

115 

139.223 

116.875 

116 

140.376 

117.938 

117 

141.450 

119.102 

• 

118 

142.563 

120.215 

119 

143.877 

121.329 

120 

144.790 

122.442 

121 

145.903 

123.556 

122 

147.017 

124.659 

123 

148.170 

125.733 

124 

149.244 

125.396 

125 

150.357 

128.010 

126 

151.471 

129.123 

127 

152.584 

130.236 

128 

153.698 

131.350 

129 

154.811 

132.463 

130 

155.925 

133.577 

131 

157.038 

134.690 

132 

158.152 

135.304 

133 

159.265 

136.917 

134 

160.379 

138.031 

135 

161.49? 

139.144 

! I 
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TEST  1 1-4 


i1 

■ 


C 


K,SHA» 

? * ,5600 

DISCRIMINATION  RATIO*  1.500 

INPUT 

ALPHA*  .100 

INPUT  9rT A* 

.10  0 

ECN) 

* 73.44557 

E (N)  MULTIPLIER  = 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

11.935 

0..00  0 

46 

62.237 

40,603 

2 

13.053 

0.000 

47 

63.355 

41.721 

3 

14.170 

0.000 

46 

64.  472 

42.839 

4 

15.288 

. 0.000 

49 

65.590 

43.356 

5 

16.405 

0.000 

50 

66.70  9 

45.074 

6 

17.524 

0.000 

51 

67.826 

46.192 

7 

18.642 

0.000 

52 

68.  944 

47.310 

6 

19.760 

0.000 

53 

70.062 

• 49.423 

9 

20.977 

0.000 

54 

71.179 

49.545 

10 

• 21.995 

• 361 

55 

72.297 

50.6  63 

11 

23.113 

1.479 

56 

73.415 

51.781 

12 

24.231 

2.597 

57 

74,  533 

52.993 

13 

25.349 

3.715 

58 

75.  651 

54.017 

14 

26.466 

4.833 

59 

76.769 

55.135 

15 

27.584 

5.95  0 

60 

77.886 

56.252 

16 

28.702 

7.058 

61 

79.004 

57,  570 

17 

29.920 

8.196 

62 

80.122 

58.489 

18 

30.938 

9.304 

63 

81.240 

59  . 606 

19 

32.056 

10.422 

64 

82.359 

60,724 

' 20 

33.173 

11.539 

65 

83.475 

61.942 

21 

34.291 

12.557 

66 

84.593 

62.359 

22 

35.409 

13.775 

67 

85.  711 

64.077 

23 

36.527 

14.893 

68 

86.829 

65.195 

26 

37.645 

16.011 

69 

97.  947 

65.313 

25 

38.763 

17.129 

70 

89.065 

67.431 

26 

39.890 

18.246 

71 

90.192 

68.548 

27 

40.998 

19.364 

72 

91.  300 

59. 566 

28  . 

42.116 

20.432 

73 

92.418 

▼0.784 

29 

43.234 

21.60  0 

74 

93.536 

71.302 

30 

44.352 

. 22.718 

75 

94.654 

73.020 

31 

45.469 

23.836 

76 

95.772 

74.138 

32 

46.587 

24.953 

77 

96.  889 

75  . 255 

33 

47.705 

26.071 

78 

99.  007 

76.373 

34 

48.8  23 

27.189 

79 

99.125 

77  . 491 

35 

49.441 

28.307 

80 

100,243 

78.609 

36 

51.059 

29.425 

81 

101.361 

79.727 

37 

52.176 

30.54? 

82 

102.  479 

90.8  45 

38 

53.294 

31.660 

83 

103.596 

91. 362 

39 

54.412 

32.77  8 

84 

104.714 

93.080 

40 

55.530 

33.896 

85 

105.83? 

94.199 

41 

56.648 

35.014 

86 

106.950 

95,316 

42 

57.766 

36.132 

87 

109.063 

96.434 

43 

58.883 

37.249 

88 

109.185 

97.551 

44 

60.001 

38.367 

89 

110.  30  3 

99.569 

65 

61.119 

39.495 

90 

111.  421 

39.787 

; 


i* 
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TEST 

ACCENT 

91 

112.539 

92 

113.657 

93 

114.775 

94 

115.892 

95 

117.010 

96 

118.128 

97 

119.246 

98 

120.364 

99 

121.431 

100 

122.599 

101 

123.717 

102 

124.835 

103 

125.953 

104 

127.071 

105 

128.138 

106 

129.305 

107 

130.424 

108 

131.542 

109 

132.660 

110 

133*777 

111 

134.995 

112 

136.013 

113 

137.131 

114 

138.249 

115 

139.367 

116 

140.484 

117 

141.602 

118 

142.770 

119 

143.838 

120 

144.956 

121 

146.074 

122 

147.191 

123 

148.309 

124 

149.427 

125 

150.545 

126 

151.653 

127 

152.730 

- 128 

153.393 

129 

155.016 

130 

156.134 

131 

157.752 

132 

158  .3-VJ 

* 133 

159.487 

134 

160.605 

135 

161.773 

REJECT 

TE! 

90.905 

136 

92.023 

137 

93.141 

133 

94.258 

139 

95.376 

14  0 

95.494 

141 

97.612 

142 

98.730 

143 

99.847 

144 

100.965 

14  5 

102.083 

146 

103.201 

147 

104.319 

105.437 

106.554 

107.872 

108.790 

109.908 

111.026 

112.144 

113.261 

114.379 

115.497 

116.615 

117.733 

118.850 

119.958 

121.086 

122.204 

' 123*322 
124* 440 
125.557 
126.675 
127.793 
128.911 
130.029 
131.147 
132.264 
133.39  2 
134.500 
135.618 
136.736 
137.353 
138.971 
140.099 


ACCEPT 

REJECT 

162.  841 

141.207 

163.959 

142.325 

164.320 

143.  443 

164.320 

144.560 

164.  320 

145.578 

164.320 

146.796 

164.320 

* 147.914 

164.320 

149.032 

164.  320 

150. 150 

164.320 

151.267 

164.320 

152.385 

164.320 

153.503 
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TEST  II-5 


V, 


| 

j 

•j 

I 


I 

I 

! 


: 


i 


K, SHAPE  * 

.5800 

OISCRTMTNATION  RATTD*  1.500 

INPUT  ALPHA*  .lflO 

INPUT  9" 

TA=  .10  0 

ECN)  * 

68.  64607 

EH>  MU'. 

TIPLIER  = 

2.  00 

« 

TEST 

acceot 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

11.507 

0.000 

46 

62.105 

41.135 

2 

12.729 

0.000 

47 

63.223 

42.  2 58 

3 

13.851 

0.000 

48 

84.350 

43.380 

4 

16.974 

0.000 

49 

65.472 

44.503 

3 

16.096 

0.000 

50 

66.594 

45.  625 

6 

17.218 

0.000 

51 

67.  716 

46.747 

7 

18.340 

0.000 

52 

68.839 

47.869 

8 

19.462 

0.000 

53 

69.  981 

48.991 

9 

20.534 

0.000 

54 

71.083 

5n, ii3 

10 

21.707 

.737 

55 

72.205 

51.236 

11 

22.829 

1.859 

56 

73.327 

52.353 

IS 

23.951 

2.981 

57 

74.  450 

53.480 

13 

25.073 

4.104 

53 

75.572 

54.502' 

14 

26  cl 95 

5.226 

59  • 

76.694 

55.724 

15 

27.318 

5.  348 

60 

77.816 

56.347 

16 

28.460 

7.470 

61 

78.  938 

57. 969 

17 

29.562 

8.592 

62 

8 0.061 

59.091 

18 

30.634 

9.715 

63 

81.183 

60.213 

19 

31.8  06 

10.837 

64 

82.305 

61.335 

20 

32.929 

• 11.959 

65 

83.427 

62.453 

21 

34.051 

13.031 

88 

84.549 

63.580 

22 

35.173 

14.203 

67 

85.671 

64.702 

23 

36.295 

15.326 

68 

86.794 

65.8  24 

26 

37.417 

16.448 

69 

87.916 

66  . 946 

25 

38 .540 

17.570 

. 70 

89.038 

68.068 

26 

39.662 

18.692 

71 

90.160 

59.191 

27 

60.786 

19.814 

72 

91.282 

*0.313 

28 

41.906 

20.937 

73 

92.405 

71.435 

29 

43.028 

22.059 

74 

. 93.527 

72.557 

30 

64.150 

23.181 

75 

94.  649 

*3.679 

31 

45 .2*3 

24.303 

76 

95.  771 

*4.302 

32 

46.395 

25.425 

7.7 

96.893 

*5.924 

33 

47.517 

26.547 

78 

98.016 

77.046 

36 

48.639 

27.670 

79 

99.  138 

78.168 

35 

49.761 

28.792 

80 

100.260 

*9.290 

36 

50.884 

29.914 

81 

101.382 

30.413 

37 

.52.006 

31.036 

82 

102.504 

81.535 

38 

53.128 

32.158 

83 

10  3.626 

32  . 657 

39 

54.250 

33.281 

84 

104.749 

33. 779 

60 

55.372 

34.403 

85 

105.871 

84,901 

61 

56.495 

35.525 

86 

106.993. 

36.024 

62 

57.617 

36.667 

87 

108.115 

37.146 

63 

58.739 

37.759 

88 

109.237 

83.268 

66  • 

59.861 

38.892 

89 

110.  360 

89. 390 

65 

60.983 

40.016 

90  . 

111.  48? 

90.512 

i 

■ J 


. J 

■j 

' 1 
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.'.i.  • 


TEST 

accept 

REJECT 

TEST 

ACCEPT 

REJECT 

« 

91 

112.604 

91.634 

136 

154.862 

142.137 

92 

113.726 

92.757 

137 

154.862 

147.255 

* 

93 

114.848 

93.879 

138 

154.862 

144.377 

94  115  .971  95.  001 


95 

117.093 

96.123 

9* 

118.215 

97.245 

97 

. 119.337 

98.368 

98 

120.459 

99.490 

99 

121 .582 

100.612 

100 

122.704 

101.734 

101 

123.826 

102.856 

102 

124.948 

103.979 

103 

126.070 

105.101 

104 

127.192 

106.223 

105 

128.315 

107.345 

106 

129.477 

108.467 

107 

130.539 

109.589 

108 

131.681 

110.712 

109 

172.803 

111.834 

110 

133.926 

112.956 

ill 

135.048 

114.078 

112 

136.170  ^ 

115.200 

113 

137 .292 

116.323 

114 

138.414 

117.445 

115 

139.577 

118.557 

116 

140.659 

119.639 

117 

141.731 

120.811 

118 

142.903 

121.934 

119 

144.025 

123.056 

120 

145.147 

124.178 

121 

146.270 

125.30  0 

122 

147.392 

126.422 

123 

148.514  . 

127.545 

124 

149.676 

128.657 

125 

150.758 

129.789 

126 

151.881 

130.911 

127 

153.003 

132.033 

128 

154.125 

133.155 

129 

154.862 

134.  * ' 3 

130 

154.862 

135.  v J 

131 

154.862 

136.522 

132 

154.862 

137.6  44 

133 

154.862 

130.766 

134 

154.862 

139.889 

135 

154.862 

141.011 
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TEST  I 1-6 


K,SHAPE  * .6000 
INPUT  ALPHA*  .100 
E(N)  * 64*31275 


DISCRIMINATION  RATIO* 
INPUT  97TA*  .10  0 

E (N)  MULTIPLIER  * 2*00 


1.500 


TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

11.301 

0.080 

46 

61.997 

41.647 

2 

12.420 

0.000 

47 

63.123 

42.774 

3 

13.5«55 

0.000 

48 

64.250 

43.900 

4 

14.681"" 

* 0.000 

" 49 

~ 65.377  * 

45.0  27 

5 

15.809 

0.000 

50 

66.503 

46.154 

6 

16.934 

0.000 

51 

67.630 

4*. 280 

7 

18.061 

0.000 

52 

69.  756 

48.407 

8 

19.197 

0.000 

53 

69.887 

49. 533 

9 

20.314 

0.000 

54 

71.009 

50.560 

10 

21.440 

1.091 

55 

72.136 

51.786 

11 

22.567 

2.217 

56 

73.263 

52.917 

12 

23.694 

3.344 

57 

74.389 

54.039 

13 

24.820 

4.471 

58 

75.516 

55.166 

14 

25.947 

5.597 

59 

76.  642 

56.293 

15 

27.073 

6.724 

SO 

77.  769 

57.419 

16 

28.200 

7.850 

61 

78.895 

59.546 

17 

29.325 

8.977 

52 

80.022 

59.  572 

18 

30.453 

10.103 

63 

81.149 

60.799 

19 

31.530 

11.230 

64 

82.  275 

61,925 

20 

32.706 

12.357 

65 

83.402 

63.052 

21 

33.833 

13.49  3 

66 

84.523 

64.179 

22 

34.959 

14.610 

67 

85.  655 

65.305 

23 

36.086 

15.736 

68 

86.781 

66  . 432 

24 

37.212 

16.953 

69 

87.90  3 

67.553 

25 

38 .339 

17.989 

70 

89.034 

68.  585' 

26 

39.465 

19.116 

71 

90.  161 

69.911 

27 

40.592 

20.242 

72 

91.293 

70.938 

28 

41.719 

*21.369 

73 

92.414 

72.065 

29 

42.945 

22.496 

74 

93,541 

*3.191 

30  . 

43.972 

23.622 

75 

94.  667 

74.  318 

31 

45.098 

24.749 

76 

95.794 

75.444 

32 

46.225 

25.875 

77 

96.  920 

76. 571 

33 

47.352 

27.002 

73 

99.047 

**.597 

34 

48.478 

29.128 

79 

99,  174 

78.824 

35 

49.605 

29.255 

SO 

100.  300 

79.951 

36 

50.771 

30.392 

81 

101.  42* 

81.077 

37 

51.858 

31.508 

82 

102.553 

92.204 

38 

52.994 

32.635 

. 83 

103.600 

83. 330 

39 

54.111 

33. 761 

94 

104.006 

84.  457 

40 

55.277 

34.898 

95 

105.933 

95  * 383 

41 

56.764 

36.014 

86 

107.  060 

96.710 

42 

57.491 

37.141 

87 

108.186 

37.335 

43 

58.617 

38.268 

88 

109. 313 

96.963 

44 

59.744 

39.394 

89 

110.439 

90*090 

45 

60.870 

40.521 

90 

111.  566 

91*216 

■ *■ 
1 < -•*“ 


. •*£ 


L.*« 

l ;*  <3 
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TEST 

ACr«T 

REJECT 

91 

112*592 

92.343 

92 

113*819 

93.459 

93 

114.945 

94.596 

94 

116*072 

95.722 

95 

117.199- 

95.849 

96 

118*325 

97.976 

97 

119*452 

99.10  2 

96 

• 120*578 

100.229 

99 

121 .’05 

101.355 

100 

122.831 

102.432 

101 

123.958 

103.608 

102 

125.055 

104.735 

103 

126.211 

105.852 

104 

127*338 

106.983 

105 

128*464 

108.115 

106 

129.591 

109.241 

107 

130.717 

110.369 

106 

131.544 

111.  49*» 

109 

132.971 

112.621 

110 

134.097 

113.748 

111 

135.224 

114.874 

112 

135.350 

115.001 

113 

137.477 

117.127 

114 

138.503 

118.254 

115 

139.730 

119.330 

116 

140  .857 

120,507 

117 

141.983 

121.633 

118 

143.110 

122.750 

119 

144.236 

123.837 

120 

145.327 

125.013 

121 

145.3*»7 

125.140 

122 

145.327 

127.266 

123 

145.377 

128.393 

124 

145.327 

129.519 

125 

145.327 

130.646 

126 

145.327 

131.773 

127 

145.327 

132.899 

128 

145.327 

134.026 

129 

145.327 

135.152 

189 


TEST 

It-7 

K.SHAPE 

* .S^O 

DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .10  0 

INPUT  5"T4= 

• 10  0 

E(N> 

= 59.  4630  6 

5 (N)  MULTIPLIER  = 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.947 

0.000 

46 

61.890 

42.259 

2 

12.030 

0.000 

47 

' 63.  822 

43.391 

3 

13.212 

0.000 

48 

64.154 

44. 523 

4 

14.344 

0.000 

49 

65.286 

45.655 

5 

15.495 

0.000 

50 

66.419 

46.787 

6 

16.609 

0.000 

51 

67.550 

47  . 9 19 

7 

17.740 

0.00  0 

52 

68.632 

49.051 

8 

18.39;? 

0.000 

53 

69.314 

50.133 

9 

20.004 

.373 

54 

79.94S 

51.315 

10 

' 21.136 

1.505 

55 

72.078 

52  . 443 

11 

22.268 

2.637 

55 

73.210 

53.580 

12 

23.400 

3.769 

57 

74.342 

54.712 

13 

24,532 

4.901 

58 

75.475 

55.344 

14 

25  eS64 

6.033 

59 

76.607 

56.975 

15 

26.796 

7.155 

60 

77.739 

59.108 

16 

27.928 

8.297 

61 

73.871 

59.240 

17 

29.060 

9.430 

62 

90.  003 

50.372 

18 

30.192 

10.562 

63 

81.135 

61.504 

19 

31.324 

11.694 

64 

82.  267 

6?.636 

20 

32.456 

12.826 

65 

33.399 

63.  763 

21 

' 33.599 

13.958 

66 

84.531 

64. 900 

22 

34.721 

15.090 

67 

85.663 

66. 032 

23 

35.853 

15.222 

68 

86.  795 

57.164 

24 

36.995 

17.354 

59 

87.927 

68.295 

25 

38.117 

18.496 

70 

89.059 

69. 428 

26 

39.249 

19.618 

71 

90.  191 

70.560 

27 

40.391 

20.750 

72 

91.  323 

71.592 

28 

41.513 

21.882 

73 

92.  455 

92.925 

29 

42.545 

23.014 

74 

93.587 

93.957 

30 

43.777 

24.146 

75 

94.719 

95.0  89 

31 

44.909 

25.279 

76 

95.851 

75  . 221 

32 

46.041 

25.410 

77 

96.994 

97.353 

33 

47.173 

27.542 

79 

99.116 

78.485 

34 

48.305 

28.674 

79 

99.  243 

99.517 

35 

49.437 

29.906 

80 

100.380 

90.749 

36 

50.569 

30.939 

81 

101.512 

91.8  81 

37 

51.701 

32.071 

82 

102.  644 

83.013 

38 

52.833 

33.203 

83 

10  3.776 

34.145 

39 

53.965 

34.335 

84 

104.908 

35.277 

40 

55.098 

35.467 

85 

106.  040 

36.409 

41 

56.230 

36.599 

86 

107.172 

97.541 

' 42 

57.362 

37.731 

87 

108.304 

98.573 

43 

58.494 

38.863 

89 

109.436 

99.905 

44 

59.626 

39.995 

89 

110.568 

90.937 

45 

60.758 

41.127 

90 

111.700 

92.069 

TEST 

ACC£»T 

REJECT 

91 

112,932 

93.201 

92 

113,964 

94.334 

93 

115.096 

95,466 

94 

116.229 

46.599 

95 

117,361- 

97.730 

96 

119,493 

98.852 

' 97  — 

119,625 

" 99.994 

96 

120.7  57 

101.126 

99 

121.999 

102.258 

100 

123.0  21 

103,390 

101 

124.153 

104.522 

102 

125.235 

105.654 

103 

126.417 

106.736 

104 

127.549 

107.918 

105 

128.681  • 

109.  050 

106 

129.913 

110.152 

107 

130,945 

111.314 

106 

132.077 

112.446 

109 

133.209 

113.579 

110 

134.341 

114.711 

111 

134.714 

115.843 

112 

134.714 

116.975 

113 

134.714 

118.10-7 

114 

134.714 

119.239 

115 

134.^14 

120.371 

116 

134.714 

121.503 

117 

134.714 

122.635 

118 

134.714 

123.757 

119 

134.714 

124.899 
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TEST  II-8 


K.SHAP 

E a ,6*00 

DISC 91  MT NAT  ION  9 ATI 9=  1.500 

INPUT 

SL°HA=  .ion 

INPUT  9"TAs 

.10  0 

£(N> 

a 5*.  15512 

E (N)  MULTIPLIER  = 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.621 

0.000 

46  - 

61.811 

42  . 8 44 

2 

11.759 

0.000 

47 

62.949 

43.981 

3 

12.996 

0.000 

48 

64.037 

45.119 

4 

14.034 

. 0.000 

49 

65.224 

46, 257 

- 5 

15.172 

0.000 

50 

66.  352 

47. 394 

6 

15.309 

0.000 

51 

67,499 

48.532 

7 

17.447 

0.  000 

52 

68.  637 

49.569 

8 

18  .594 

0.000 

33 

69.774 

50.  3 07 

9 

19.722 

• 754 

54 

70.  912 

51. 944 

10 

20.859 

1.392 

55 

72.  049 

53.082 

1.1 

21.997 

3.029 

56 

73.187 

54.213 

12 

23.174 

4.157 

57 

74.  325 

55.357 

13 

24  c?72 

5.304 

5 3 

75,462 

56,495 

14 

25.410 

6.442 

59  ‘ 

76.600 

57.632 

15 

26.547 

7.590 

60 

77.  737 

53.770 

16 

27.685 

9.717 

61 

78.875 

59.9  07 

17 

28  .922 

9.855 

52 

80.012 

61.0  45 

18 

29.960 

10.992 

63 

81.150 

62.182 

19 

31.097 

12.130 

64 

82.237 

63.320 

20 

32.275 

1^.267 

65 

8 3.425 

64.457 

21 

33.372 

14.405 

66 

34.563 

65. 595 

22- 

34.510 

15.543 

57 

85.700 

56.733 

23 

35.649 

16.68  0 

68 

36.838 

67.370 

24 

36.785 

17.819 

59 

97.975 

69.0  09 

25 

77.923 

18.955 

70 

89.113 

70.145 

26 

39.050 

20.093 

7.1 

90.  250 

’1.283 

27 

40.198 

21.230 

72 

91.389 

72.420 

28 

41.335 

22.368 

73 

92.  525 

73  . 558 

29 

42. 4^3 

23.505 

74 

93,  663 

74.696 

30 

43.611 

24.643 

75 

94.801 

75.933 

31 

44.749 

25.781 

76 

95.939 

76  . 971 

32 

45.985 

26.918 

77 

97,076 

79.108 

13 

47.023 

28.056 

73 

98.213 

79. 246 

34 

48.161 

29.193 

79 

99.  351 

90.393 

35 

49.298 

30.331 

80 

100.488 

81.5  21 

36 

50.436 

31.468 

81 

101.626 

32.558 

37 

• 51.573 

32.60  6 

82 

102.  764 

93.796 

38 

52.711 

33.743 

83 

103.901 

34.934 

39 

53.849 

34.981 

94 

105.039 

95.071 

40 

54.996 

35.019 

95 

106.176 

97.209 

41 

56.124 

37.156 

86 

1 O’.  314 

88.346 

42 

57,261 

38.294 

37 

109.451 

99.484 

43 

58.799 

39.431 

88 

109.589 

90.621 

44 

59.576 

40.559 

89 

110.726 

91.759 

45 

60.6”% 

41.706 

90 

111.864 

92.896 

192 
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TEST  II-9 


K.SHAP 

E * • 675 0 

OISCPIMTNATION  PATIO*  1.500 

INPUT 

ALPHA*  .10  0 

INB’JT  9-TAr 

.10  0 

E(N) 

* 51.31070 

ECN)  MULTIPLIER  = 

2.00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

10.320 

0.000 

46 

61.758 

43.405 

2 

11.463 

0.000 

47 

62.902 

44.548 

3 

12.506 

o.ono 

48 

64.045 

45.591 

4 

13.749 

o.oop 

49 

65.189 

46.934 

5 

14.897 

0.000 

50 

66,331 

47.377 

6 

16.0  35 

o.ono 

51 

67.474 

49.120 

7 

17.138 

0.000 

52 

63.617 

50.263 

8 

18.321 

0.000 

53 

69.760 

51. 406 

9 

19.465 

1.111 

54 

70.903 

52.  549 

10 

20.608 

2.254 

55 

72.046 

53  . 692 

11 

21.751 

3.397 

56 

73.189 

54.936 

1? 

22.894 

4.540 

57 

74.  332 

55.379 

13 

24.037 

5c  633 

58 

75. 475 

57,122 

14 

25.180 

6.326 

59 

76.613 

59.265 

15 

26.323 

7.959 

50 

77.  762 

59.409 

16 

27.466 

9.112 

61 

78.905 

60.551 

- ir 

“ 28.609 

' 10.255 

62 

80.049 

61.594 

18 

29.752 

11.399 

63 

81.191 

62.937 

19 

30.895 

12.34? 

54 

82.  334 

63. 380 

20 

32.038 

13.655 

65 

8 3.477 

65.123 

21 

33.131 

14.828 

56 

94.620 

66  , 2 66 

22 

34.325 

15.971 

67 

85.763 

57.403 

23 

. 35.468 

17.114 

69 

86.906 

68.553 

24 

36.511 

18.257 

69 

8 9.049 

59.595 

25 

37.754 

19.400 

70 

89.  192 

70.939 

26 

38.897 

20. 543 

71 

90.335 

’1.382 

27 

40.040 

21.636 

72 

91.479 

73.125 

28 

41.133 

22.829 

73 

92.622 

74.269 

29 

42.326 

23.972 

74 

93.  765 

75.411 

30 

43.469 

25.116 

75 

94.903 

76.  554 

31 

44.612 

25.259 

76 

96.051 

77.597 

32 

45.755 

27.40  2 

77 

97.194 

73.340 

33 

46.398 

23.545 

78 

98.337 

79.303 

34 

48.042 

29.688 

79 

99.480 

91,125 

35 

49.135 

30.831 

80 

100.  623 

32, 269 

36 

50.328 

31.974 

81 

101.766 

87.413 

37 

51.471 

33.117 

82 

102.909 

94. 556 

38 

52.614 

34.260 

• 83 

104.052 

95.699 

39 

53.757 

35,403 

84 

105,195 

36.942 

40 

54.900 

35.546 

85 

106.339 

97,985 

41 

56.043 

37.639 

86 

107.  482 

39.120 

42 

57.136 

38.832 

87. 

10  8.  625 

90.271 

43 

58.329 

39.976 

98 

109.763 

91.414 

44 

59  • 4 *2 

41.119 

39 

110.911 

92.557 

45 

60.615 

42.262 

90 

112.054 

93.700 

L 


TEST 

ACCENT 

REJECT 

91 

113,197 

94.843 

92 

114,340 

95.986 

93 

115.493 

97.129 

94 

116, 675 

98.27  3 

95 

117.737 

99.416 

96 

117.737 

100.559 

97 

117.737 

101.702 

98 

117.737 

102.945 

99 

117.737 

103.958 

100 

117.737 

105.131 

101 

117.737 

106.274 

102 

117.737 

107.417 

103 

117.737 

109.560 

195 


TEST  11-10 


K, SHAPE  * .7000  DISCRIMINATION  PATIO*  1.500 

INPUT  ALPHA*  .100  INPUT  P’TA*  .10  0 
H ECN)  * 47.86521  ECN)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

TEST 

ACCE°T 

REJECT 

1 

10.041 

0.000 

46 

61.  728 

43.  944 

2 

11.189 

0.000 

47 

62.877 

45.093 

3 

12.338 

0.000 

43 

64.026 

46.242 

4 

13.486 

0.000 

49 

65.174 

4*. 390 

5 

14.535 

0.000 

50 

66.  323 

48.539 

6 

15.734 

0.000 

51 

67.471 

49.537 

7 

16.932 

0.000 

52 

63.620 

50.335 

8 

18,031 

.29? 

53 

69.769 

51.985 

9 

. 19.230 

1.446 

54 

70.917 

53. 133 

10 

20.3**8 

2.534 

55 

72.066 

54  . 282 

11 

21.527 

3.743 

56 

73.215 

55  . 4 31 

12 

22.6^5 

4.891 

57 

74.363 

56.379 

13 

23.824 

6.040 

58 

75.51? 

570  728 

14 

24.973 

7.189 

59 

76.660 

58.376 

15 

26.121 

3.337 

60 

7T.809 

60.025 

16 

27,270 

9*436 

61 

78.958 

51.174 

17 

28.418 

10.635 

62 

80.105 

62. 322 

18 

29.557 

11.783 

63 

31.255 

63.  471 

19 

30.715 

12.932 

54 

8 2.40  3 

64  . 5 20 

20 

31.864 

14.08  0 

65 

83.552 

65.763 

21 

33.013 

15.229 

66 

84.701 

66.917 

22 

34.162 

16.378  • 

67 

85.  849 

58.065 

23 

35.310 

17.526 

68 

86.993 

69.214 

24 

36.459 

18.675 

69 

88.147 

70.363 

25 

37.607 

19.823 

70 

39.295 

71.511 

26 

38.736 

20.972 

71 

90.444 

72.560 

27 

39.905 

22.121 

72 

91.592 

■*3,908 

28 

41.053 

23.269 

73 

92.741 

74. 957 

29 

42.202 

24.418 

74 

93.890 

76.106 

30 

43.350 

25.567 

75 

95.038 

77.254 

31 

44,499 

26.715 

76 

95.187 

78.403 

32 

45.548 

27.864 

77 

9T.  335 

79,552 

33 

46.795 

29.012 

73 

93.434 

30.700 

34 

47.945 

30.161 

79 

99.633 

81.349 

35 

49.094 

31.310 

30 

100.731 

32.997 

36 

50.242 

32.458 

31 

101.930 

94,145 

37 

51.391 

33.507  . 

32 

103.079 

95.295 

38 

52.539 

34.755 

83 

104.227 

96. 443 

39 

53.638 

35.904 

84 

105.  376 

37,392 

40 

54.337 

37.053 

«5  . 

106.  524 

33,740 

41 

55.935 

38.201 

86 

107.673 

99.389 

42 

57.134 

39.  350 

87 

10  8.822 

91.038 

43 

56.282 

40.499 

88 

109.  970 

92.196 

44 

59.431 

41.647 

89 

110.267 

93.335 

45 

60.580 

42.796 

90 

110.267 

94.484 

I 


x 

_ 


196 


TEST 

ACCENT 

REJECT 

91 

110.267 

95.632 

92 

110.267 

95.701 

. 93 

110.267 

97.929 

9* 

110.267 

99.078 

95 

110.267 

100.227 

96 

110.267 

101.375 

( ------ — 
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T 

• 

! : 

I ( 

t 

K,S  HAPS 

* .TWO 

TEST  11-11 

DISCRIMINATION  RATIO*  1.500 

li  - 

■ 

i 

INPUT  AL»HA*  .100 
E<M>  * 44.  *6496 

INP'JT  **? TA*  .10  0 
ECM)  MULTIPLIER  * 

2.00 

i!  ■ 

ii 

j 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

ii 

1 

9.781 

0.000 

46 

61.719 

44.465 

i 

2 

10.935 

0.000 

47 

62.873 

45.519 

£ 

3 

12.039 

0.000 

48 

64.  027 

46.773 

• 

4 

13.244 

0.000 

49 

65.  181 

47.  923 

• 

5 

14.398 

0.000 

50 

66.  335 

49.082 

f 

6 

15.552 

0.000 

51 

67.  490 

50.236 

! 

7 

16.706 

0.000 

52 

63. 644 

51.390 

| 

8 

17.830 

.607 

53 

69.  798 

52. 544 

i 

> j 

9 

19.014 

1.751 

54 

7 0.952 

53.598 

10 

20.169 

2.915 

55 

72.106 

54.553 

I 

11 

21.323 

4.059 

56 

73.261 

56.007 

12 

22.477 

5.223 

57 

74.415 

57. 161 

• 

13 

23.631 

6.377 

58 

75.  569 

58.315 

it 

14 

24.785 

7.532 

59  • 

76.  723 

59. 469 

1 

15 

25.939 

8.585 

SO 

77. 877 

60.523 

P 

16 

27.094 

9.840 

61 

79.031 

51.778 

i 

i 

17 

28.243 

10.994 

62 

80.186 

62.93? 

1 ( 

18 

29.402 

12.148 

53 

81.340 

64.086 

19 

30.536 

13.302 

64 

82.  494 

65  . 240 

20 

31.710 

14.457 

65 

33.  648 

65.  394 

f! 

21 

32.864 

15.511 

56 

84.302 

67. 543 

i 

22 

34.019 

15.755 

57 

85.955 

68  . 703 

23 

35.173 

17.919 

68 

87.111 

69.857 

• • 

24 

36.327 

19.073 

69 

83.  265 

71.011 

I 

25 

37.481 

20.227 

70 

89.419 

72.165 

|j 

26 

38.635 

21.382 

71 

90.573 

**3.319 

■ 

27 

39.790  * 

22.536 

72 

91.727 

74, 474 

28 

40.944 

23.690 

73 

92.831 

*5.528 

[ 

29 

42.098 

24.844 

74 

94.036 

76.762 

‘ 1 

30 

43.252 

25.998 

75 

95.  190 

**.935 

; | ' 

31 

44.406 

27.152 

76 

96.344 

*9.090 

32 

45.560 

28.307 

77 

97. 498 

30  . 2 44 

33 

46.715 

29.461 

78 

98.652 

81.399 

36 

47.369 

30.515 

79 

99.806 

82.553 

35 

49.023 

31.759 

80 

100.  961 

83. 707 

36 

50.177 

32.923 

81 

10  2.  115 

34.861 

37 

. 51.331 

34.077 

82 

103.269 

36.015 

38 

52.685 

35.232 

83 

103.875 

37.169 

[ 

39 

53.640 

36.386 

84 

103.  875 

88.324 

40 

56.794 

37.540 

85 

103.875 

•9.  478 

61 

55.948 

36.694 

86 

103.875. 

90.  532 

42 

57.102 

39.848 

87 

103.875 

91. 7 86 

43 

58.256 

41.003 

38 

103.875 

92.  940 

( 

• 44  •• 

59.410 

42.157 

89 

103.875 

94.094 

) 

^rf^Sh3RSS3BBSE9B8BSB^R^  1 

45 

60.565 

63.311 

198 

90. 

103.875 

95.249 
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TEST  11-12 


H 


K.SHA PE  * .7501  CISCRIMTNATION  RATIO*  1.500 

INPUT  ALPHA*  ,100  INPUT  H’TA*  .100 

ECN)  * 4 1. 06502  E CN>  MULTIPLIER  *2.00 


TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

9.539 

0.000 

46 

61.728 

44.969 

2 

10.699 

0.000 

47 

62.888 

46.128 

3 * 

11.859 

i.3.019 

0.  OO'O 

48  * 

64.047 

47.288 

4 

0.000 

49 

65.207 

48.448 

5 

14.178 

0.000 

50 

66.367 

49.508 

6 

15.338 

0.000 

51 

67.527 

50.767 

7 

16.498 

0.000 

52 

68.686 

51.927 

8 

17.658 

• 398 

53 

69.  846 

53.087 

9 

18.817 

2.059 

54 

71.006 

54.247 

10 

• 19.977 

3.218 

55 

7 2.165 

55.405 

11 

21.137 

4.378 

56 

73.325 

56. 566 

12 

22.296 

5.537 

57 

14.485 

51. 726 

13 

23.456 

5.697 

53 

75.645 

38.836* 

* 

14 

24.616 

7.857 

59 

76.804 

50,045 

15 

25.776 

9.017 

60 

77.964 

51.205 

, 

IS 

26.935 

10.176 

61 

79.124 

62  . 365 

17 

28,095 

11.336 

62 

80.284 

53,525 

18 

29.255 

12.496 

63 

81.443 

64.  684 

19 

30.415 

13.556 

64 

82.  603 

65.  844 

20 

31.574 

14.815 

65 

83.  763 

57.004 

21 

32.734 

15.975 

66 

84.923 

53.164 

22 

33.894 

17.135 

67 

86.082 

69  . 323 

. 

23 

35.054 

18.295 

68 

87.242 

70.483 

24 

36.213 

19.454 

69 

88.40? 

11.543 

25 

37 .373 

20.614 

70 

89.562 

12.803 

26 

38.533 

21.774 

71 

90.721 

’3.96? 

~ 

27 

39.693 

22.934 

72 

91.881 

15.122 

28 

40.852 

24.093 

73 

93.041 

76.282 

29 

42.012 

25.253 

74 

94.  201 

77. 441 

30 

43.172 

26.413 

75 

95.  360 

78.501 

31 

44.332 

27.572 

76 

96.520 

19.761 

32 

45.491 

28.732 

77 

97.  41 3 

30.921 

' 

33 

46.651 

29.892 

78 

97,413 

32.030 

34 

47.811 

31.052 

79 

97.418 

13.240 

35 

48.971 

32.211 

80 

97.413 

34.  400 

36 

50.130 

33.371 

81 

97.  418 

35.560 

37 

51.290 

34.531 

82 

97.418 

36.719 

. 

36 

52.450 

35.691 

83 

97.413 

87.  879 

“ * 

39 

53.610 

36.350 

84 

97.418 

89.039 

* 

40 

54.769 

38.010 

* 

41 

55.929 

39.170 

42 

57.089 

40.330 

*■  • 

43 

58.249 

41.489 

* * 

- _ 

44 

59.418 

42.649 

" 

45 

60.568 

43.809 

' • 
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TEST  11-13 


ICfSMAP 

! = . 8 00  0 

DISCRIMINATION  RATIO*  i.«00 

INPUT 

ALPHA*  .100 

IN*UT  o-ta* 

• 10  0 

E(N) 

* 37.12056 

E (N)  MULTIPLIER  * 

2.00 

\ 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT  ' 

REJECT 

{ y 

1 

9.103 

0.000 

46 

61.795 

45.932 

2 

10.274 

0.000 

47 

62.  966 

47.10? 

3 

11.444 

0.000 

48 

64,  137 

48, 273* 

4 

12.615 

0.  00  0 

49 

65.30  8 

49. 444 

5 

13.785 

0.000 

50- 

66.479 

50.515 

6 

14.957 

0.000 

Si 

67.650 

51.786 

7 

. 16.128 

.265 

52 

68.820 

52  . 957 

8 

17.299 

1.436 

53 

59.991 

54.125 

9 

18.4*0 

2.607 

54 

71.  162 

35.299 

10 

19.641 

3.778 

55 

72.333 

56. 470 

11 

20.812 

4.949 

56 

73.504 

57.  541 

' ‘ 12 

21.983 

6.120 

57 

74,675 

58.512 

[ - 

S3 

23,154 

7.291 

53 

75.846 

59.983 

14 

24.325 

8.461  . 

59 

77.017 

61.154 

• 

15 

25.445 

9.532 

SO 

7.8.188 

52, 325 

16 

26.667 

10.80.3 

61 

79.  359 

63.496 

’ 

17 

27.838 

11.974 

62 

80.530 

64.  6 67 

j 

18 

29.009 

13.145 

63 

81.701 

55.537 

I 

19 

30.180 

14.316 

64 

82.872 

57. 008 

20 

31.350 

15.457 

65 

84.  043 

53.179 

21 

32.521 

15.658 

66 

85.214 

69.350 

22 

33.692 

17.829 

67 

86.  385 

70,521 

23 

34.863 

19.000 

68 

87.  556 

71.592 

; 

24 

36.0  34 

20.171 

69 

57.820 

72.863 

, 

25 

37.205 

21.342 

70 

87.820 

74.034 

• 

26 

38.376 

22.513 

71 

87.820 

75.2  05 

27 

39.547 

23.684 

72 

87.820 

75  . 376 

' 

‘ 28  ~ 

40.218' 

' 24.855  ' 

73 

' 87,820 

77, 547 

29 

41.889 

26.026 

74 

87.820 

78.718 

30 

43.060 

27.196 

75 

87.820 

79,889 

31 

44.231 

28.367 

- 

32 

45.402 

29.538 

33 

46.573 

30.709 

34 

47.744 

31.880 

35 

48.915 

33.051 

36  . 

50.085 

34.222 

- 

37 

51.256 

35.393 

38 

52.427 

36.564 

• 

39 

53.598 

37.735 

: 

40 

54.769 

38.906 

41 

55.940 

40.077 

42 

57.141 

41.248 

. . 

43 

50.282 

42.419 

• 

44 

59.453 

43.590 

; 45 

60.624 

44.761 
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TEST  11-14 


K» SHAPE  * .8500 
INPUT  ALPHA*  .100 
E(N)  « 3*. 09255 


DISCRIMINATION  RATIO* 
INPUT  BrT A*  ,10  0 
E (N)  MULTIPLIER  * 2.00 


1.500 


TEST 

1 

2 

3 

4 

5 

6 
T 
6 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


ACCEPT  • 

REJECT 

TEST 

ACCEPT 

REJECT 

8.719 

0.000 

46 

61.913 

46.944 

9.901 

0.000 

47 

63.100 

48.027 

11.034 

0.000 

49 

64.253 

49.209 

12.265 

0.00  0 

49 

65.465 

50.391 

13.440 

0.000 

50 

66.647 

51.573 

14.630 

0.00  0 

51 

67.829 

52.  755 

15.812 

.738 

52 

69.011 

53.  933 

16.995 

1.921 

53 

70.194 

55.120 

18  .1"*7 

3.103 

54 

71.376 

56. 302 

19,359 

4.295 

55 

72.553 

57.484 

20.541 

5.467 

56 

73.740 

58.666 

21.723 

6.650 

57 

74.922 

59.549 

22.906 

7.832 

53 

76.105 

61.0  31 

24.039 

9.014 

. 59  . 

77.287 

62.213 

25.270 

10.196 

60 

73.459 

ST. 395 

26.452 

11.378 

61 

79.205 

54.  577 

27.634 

12.561 

52 

79.208 

65  . 7 60 

28.017 

13.743 

63 

79.208 

56.942 

29.999 

14.925 

64 

79.208 

69.124 

31.131 

16.107 

65 

79.208 

69.306 

32.353 

17.29  9 

66 

79.  203 

■'o.'+as 

33.545 

18.472 

67 

79.208 

71.571 

34.728 

19.654 

35.910 

20.836 

37.092 

22.018 

38.2*4 

23.20  0 

i 

39.496 

24.35  3 

40.639 

25.555 

41.821 

26.747 

43.003 

27.929 

44.195 

29.111 

45.367 

30.294 

46.550 

31.476 

47.732 

32.658 

48.914 

33.840 

59.096 

35.022 

51.278 

36.205 

' 52.461 

37.387 

53.643 

38.569 

54.625 

39.751 

56.007 

40.933 

57.199 

42.116 

58.3*2 

43.298 

, 

TEST  II-15 


K,SHftPP 

S .9000 

DISCRIMINATION  PATIDs  1.500 

INPUT  ftLPHfts  .100 

INPUT  9"TAs 

.10  0 

E(N) 

* 29.  *0539 

E (N)  MULTIPLIER  = 

2,00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

8.380 

0.000 

46 

62.039 

47.718 

2 

9.573 

0.000 

47 

63.28? 

43.910 

3 

10.767 

0.000 

48  . 

64.476 

50.103 

4 

11.961 

0.000 

49 

65. 669 

51.297 

5 

13.154 

0.000 

50 

66.863 

52. 490 

6 

14.348 

0.000 

51 

68.  057 

53.684 

7 

15.541 

1.158 

52 

69.250 

54.877 

8 

16. ’35 

2.362 

53 

70.444 

56.071 

9 

. 17.923 

3.555 

54 

71.612 

57.264 

10 

19.122 

4.749 

55 

71.612 

58.458 

11 

20.315 

5.942 

56 

71.612 

59  . 551 

12 

: 21.509 

7.136 

57 

71.612 

50.345 

13 

22.702 

8*  329 

58 

71.612 

52. 033 

14 

23.896 

9.523 

59 

71.612 

63. 232 

15 

25.099 

10.717 

60 

71,  612 

64  . 425 

16 

26.293 

11.910 

17 

27 .4T5 

13.10  4 

16 

28.670 

14.297 

19 

29.864 

15.491 

20 

31.057 

16.65  4 

21 

32.251 

17.878 

22 

33.444 

19.071 

• 

23 

34.636 

20.255 

24 

35.831 

21.458 

, * 

25 

37.025 

22.652 

26 

38.218 

23.345 

27 

39.412 

25.039 

26 

40.505 

26.232 

29 

41 .799 

27.426 

30 

42.992 

28.620 

31 

44.136 

29,313 

32 

45.379 

31.007 

33 

46.5  73 

32.200 

34 

47.767 

33.394 

35 

48.960 

34.58  7 

36 

50.154 

35.731 

37 

51.347 

36.974 

36 

52.541 

36.158 

39 

53.734 

39,361 

• 

40 

54.928 

40,555 

41 

56.121 

41.743 

42 

57.315 

42,942 

43 

56.308 

44,135 

44 

59.702 

45.329 

45 

60.995 

46.523 
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TEST  11-16 


K,  SHAPE  * .9*00 
INPUT  ALPHA*  .mo 
E(N)  * 26.83143 


DISCRIMINATION  RATIO* 
INPUT  n“T&=  .100 

t(N)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

8.0*5 

0.000 

46 

62.300 

48.554 

2 

9.283 

0.000 

47 

63.505 

49.  759 

3 

10.688 

0.000 

48 

64.710 

50.963 

6 

11.693 

0.  000 

69 

65.066 

52.168 

5 

12.898 

0.000 

50 

65.  065 

53.373 

6 

14.103 

• 356 

51 

65.  066 

54.578 

7 

15.303 

1.561 

52 

65.066 

55.783 

8 

16.513 

• 2.766 

53 

65.066 

56.983 

9 

17. ’13 

3.971 

54 

65.066 

58.193 

10 

18.923 

5.176 

11 

20.127 

6.381 

12 

21.732 

7.586 

13 

22.637 

8.791 

14 

23.742 

9.996 

• 

15 

24.947 

11.201 

16 

26.152 

12.406 

17 

27.35 7 

13.511 

18 

28.562 

14.816 

19 

29.767 

15.020 

* 

20 

30.9*2 

17.225 

21 

32.177 

18.43  0 

22 

33.382 

19.635 

23 

34.587 

20.840 

26 

35.792 

22.045 

25 

36.996 

23.250 

76 

38.201 

24.455 

27 

39.606 

25.650 

28 

40.611 

26.855 

29 

41.816 

28.070 

30 

43.021 

29.275 

31 

44.226 

30.48  0 

• 

32 

45.431 

31.685 

33 

46.636 

32.889 

1 

36 

67.841 

36.094 

35 

49.066 

35.299 

36 

50.251 

36.506 

37 

51.456 

37.709 

' 

... 

38 

52.661 

38.914 

• 

39 

53.665 

40.119 

60 

55.0*0 

41.324 

61 

56.275 

42.529 

62 

57.430 

43.736 

63 

58.685 

46.939 

66 

59.890 

46.144 

65 

61.095 

47.369 

I 


1 


H-17 


KfSHAP 

2 *1.0000 

DISCRIMINATION  PATI3*  1.500 

INPUT 

ALPHA*  .100 

INP'JT  PET  As 

• 10  0 

E(N) 

* 26. 3S901 

S (N)  MULTIPLIER  = 

2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

7.808 

0.000 

46 

59.603 

49. 363 

2 

9.024 

0.000 

47 

59.603 

58.  579 

3 

10.241 

0.000 

48 

59.603 

51.795 

4 

11.497 

0.000 

49 

59.603 

53.012 

5 

12.6^4 

0.000 

6 

13.890 

.707 

7 

15.106 

1.923 

8 

16.323 

3.139 

9 

17.539 

4.356 

10 

18.756 

5.572 

11 

19.9’2 

6.789 

12 

21.138 

8.005 

13 

22.405 

9.221 

14 

23.621 

10.439 

IS 

26.838 

11.654  . 

16 

26.056 

12.871 

17 

27.2*0 

14.087 

18 

28.457 

15.303 

19 

29.703 

16.520 

20 

30.920 

17.736 

21 

32.136 

18.953 

22 

33.352 

20.159 

23 

34.569 

21.385 

26 

35.795 

22.602 

‘ 

25 

37.002 

23.818 

26 

38.718 

25.035 

27 

39.434 

25.251 

28 

40.651 

27.457 

29 

41.867 

28.684 

38 

43.084  . 

29.90  0 

31 

44.300 

31.117 

32 

45.516 

32.333 

• 

33 

66.733 

33.549 

36 

47.969 

34.766 

35 

69.166 

35.952 

36 

50.332 

37.199 

37 

. 51.596 

38.415 

' 

38 

, 52.815 

39.631 

• * • 

39 

56.031 

40.848 

40 

55.247 

42.054 

“ * 

41 

56.466 

43.291 

• 

62 

57.680 

44.497 

43 

58.597 

45.713 

64  ■ 

59.603 

46.930 

• 

49 

59.603 

40.166 

• 

i 
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TEST  11-18 


K*9HAPE  *1. 1888 
INPUT  ALPHA*  ,100 
E(N)  * 2 0.39473 


DISCRIMINATION  RATIO* 
INPUT  9“T  A*  .10  0 
E (N)  MULTIPLIER  * 2.  00 


1.580 


TEST 

ACCEPT 

REJECT 

1 

7.346 

0.  000 

2 

8.535 

0.000 

3 

9.925 

0.000 

4 

11.065 

Q.000 

5 

12.384 

• 091 

6 

13.544 

1.331 

7 

14.733 

2.570 

8 

16.073 

3.810 

9 

17.25? 

5.049 

10 

- 18.582 

6.299 

11 

19.741 

7.528 

12 

20 .9  31 

3.768 

13 

22.770 

10.007 

14 

23.460 

llo  247 

15 

24.699 

12.497 

16 

25.939 

13.726 

17 

27.178 

14.956 

18 

28.418 

16.205 

19 

29.657 

17.445 

20 

30.897 

18.694 

21' 

32  .136 

19.924 

22 

33.376 

21.163 

23 

34.616 

22.403 

24 

35.855 

23.642 

25 

37.095 

24.882 

26 

38.334 

26.121 

27 

39.574 

27.351 

28 

40.813 

28.600 

29 

42.053 

29.840 

30 

43.292 

31.079 

31 

44.532 

32.319 

32 

45.771 

33.559 

33 

47.011 

34.799 

34 

48.250 

36.038 

35 

49.490 

37.277 

36 

50.729 

38.517 

37 

50.921 

39.756 

38 

50.821 

40.996 

39 

50.821 

42.235 

40 

50.021  . 

43.475 

41 

50.821 

44.714 

TEST  11-19 


K, SHAPE  = 1.2009  DISCRIMINATION  PATI3=  1.900 

INPUT  AL?HA=  .100  I*PUT  3=T9  = .10  0 

E(N)  = 17.35278  E (N)  MU.TIOLIER  = 2.00 


TEST 

ACCEPT 

REJECT 

1 

6.966 

0.000 

2 

8.229 

0.000 

3 

9.492 

0.000 

4 

10.755 

0.000 

5 

12.018 

.511 

6 

13.291 

1.374 

7 

14.544 

3.137 

6 

15.907 

4.40  0 

9 

17.0*0 

5.653 

10 

18,333 

S.  926 

11 

19.595 

8.189 

12 

20.959 

9.452 

13 

22,121 

10.715 

14 

23<3Si{ 

11,978 

15 

24.647 

13.241 

16 

25.910 

14.504 

17 

27.1*3 

15.767 

16 

28.436 

17.030 

19 

29.699 

18.292 

20 

36.962 

19.555 

21 

. 32.225 

20.  318 

22 

33.498 

22.091 

23 

34.751 

23.344 

24 

36.014 

24.607 

25 

37.276 

25.870 

26 

38.539 

27.133 

27 

39.802 

28.396 

28 

41.065 

29.659 

29 

42.328 

30.922 

30 

43.59t 

32.195 

31 

44.203 

33.448 

32 

44.203 

34.711 

33 

44.203 

35.973 

34 

44.203 

37.236 

35 

44.203 

38.499 

k,  shape  *1.3  no  a 

INPUT  ALPHA*  .100 
E(N>  * 14.97049 


TEST  11-20 


DISCRIMINATION  PATIO*  1.500 
INPUT  OFT  A*  .10  0 
E (N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

6.650 

0.000 

2 

7.936 

0.000 

3 

9.223 

0.000 

4 

10.510 

0.  000 

5 

11.796 

1.070 

6 

13.083 

2.356 

7 

14.369 

3.64  3 

8 

15.656 

4.93  0 

9 

16.943 

6.216 

10 

18.229 

7.503 

11 

19.516 

8,789 

12 

20.802 

10.076 

13 

22.039 

11.363 

14 

23.3^6 

12.649 

15 

24.662 

13.936 

16 

25.949 

15.222 

17 

27.235 

16.509 

18 

28.522 

17.796 

19 

29.809 

19.082 

20 

31.095 

20.359 

21 

32.332 

21.655 

22 

33.668 

22.942 

23 

34.955 

24.229 

24 

36.242 

25.515 

25 

37.528 

26.80? 

26 

38.598 

' 28.088 

27 

38.598 

29.375 

28 

38.598 

30.652 

29 

38.598 

31.948 

30 

38.598 

33.235 
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• TEST  11-21 


t 


k,s haps  *1.4000 

INPUT  ALPHA*  .10  9 


ECN) 

* 13.06836 

TEST 

ACCEPT 

1 

6.393 

2 

7.694 

3 

9.004 

4 

10.315 

5 

11.625 

-6 

12.936 

7 

14.245 

8 

15.557 

9 

16.858 

10 

- 19.1*8 

11 

19.439 

12 

?0.*99 

13 

22.110 

14 

23.4  20 

15 

24.731 

16 

76.041 

17 

27.35? 

18 

29.662 

19 

29*073 

20 

31.233 

21 

32.594 

22 

33.904 • 

23 

35.215 

24 

35.334 

25 

35 .384 

26 

35.334 

27 

35.334 

DISCRIMINATION  RATIO*  1.500 
IN®UT  P-TA*  .100 
E <N)  MULTIPLIER  = 2.00 


REJECT 
0.00  0 
o.onn 
0.  000 
.159 
1.490 
2.790 
4.101 
5.41? 
5,122 
3.033 
9.343 
10.554 
11.964 
13.775 
14.595 
15.996 
17.206 
18.517 
19.927 
21.138 
22.449 
23.759 
25.07  0 
25.390 
27.691 
29.001 
30.312 


77T 


( TEST  11-22 

Kf  SHA  PE  *1.5000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .inf?  INPUT  9“TA*  .10  0 

E(N)  * 11.52425  E (N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

S .157 

0.000 

2 

7.491 

0.000 

3 

8.825 

0.  00  0 

4 

10.161 

.517 

5 

11.495 

1.852 

6 

12.830 

3.186 

7 

14.165 

4.521 

8 

15.500 

5.856 

9 

16.335 

7.191 

10 

18.159 

3.525 

tl 

19.504 

9.850 

12 

20.839 

11.195 

13 

22. 1*4 

12.530 

14 

23.509 

13.364 

15 

24.843 

15.199 

16 

26.1*8 

15.534 

17 

27.51? 

17.369 

18 

28.847 

19.203 

19 

30.192 

20.53$ 

20 

31.517 

21.873 

21 

32.034 

23.207 

22 

32.034 

24.542 

23 

32.034 

25.877 

24 

32.034 

27.212 

209  • 


K»$HAPE  *1.5  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .10  0 IM»'JT  H"T A*  .10  0 

E«N>  * 10.25267  E <N>  MULTIPLI  ER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.953 

0.000 

2 

7 .322 

0.000 

3 

8.681 

0.000 

4 

10.040 

• 833 

5 

11.399 

2.193 

6 

12.759 

3.552 

7 

14.118 

4.911 

8 

15.4^7 

6.270 

9 

15.836 

7.629 

10 

18.195 

8.939 

11 

19.555 

10.348 

12 

20.914 

11.707 

13 

22.273 

13.066 

lb 

23.532 

14.425 

15 

24.991 

15.735 

16 

26.351 

17.144 

17 

27.710 

13.503 

18 

28 .543 

19.852 

19 

28 .543 

21.221 

20 

23.543 

22.531 

21 

28.543 

23.940 
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• ' 


TEST  11-24 


KfSHA ps  *1.2  ooo 

INPUT  ALPHA*  .100 
E<NI  * 9. 19232 


(DISCRIMINATION  PATIO* 
INPUT  N-TA*  .10  0 
E(N»  MULTIPLIER  * 2.00 


1.500 


l I 


TEST 

ACCEPT 

REJECT 

1 

5.795 

0.000 

2 

7.179 

0.000 

3 

8.563 

0.000 

4 

9.947 

. 1.124 

5 

11.331 

2.509 

6 

12.715 

3.892 

7 

14.099 

5.276 

S 

15.483 

6.6S0 

9 

16.967 

8.044 

10 

- 18.251 

9.428 

11 

19.635 

10.812 

12 

21.019 

12.196 

22.403 

13.580 

14 

23.796 

14.964 

If 

25.170 

16.347 

16 

25.295 

17.731 

17 

26.295 

19.115 

18 

26.295 

20.499 

19 

26.295 

21.893 

I 


'• 
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INPUT  AL®HAs  .100  INPUT  B'Tfts  .mg 
E(N)  * *.29628  E CM)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.651 

0.000 

2 

7.059 

0.000 

3 

6.466 

0.  000 

4 

9.877 

1.394 

5 

11.286 

2.893 

6 

12.695 

4.212 

7 

14.104 

5.621 

8 

15.513 

7.130 

9 

16.922 

8.439 

10 

16.331 

9.848 

11 

19.740 

11.256 

12 

21.149 

12.665 

13 

22.558 

14.074 

14 

23.952 

15.483 

15 

23.952 

' 16.892 

16 

23.952 

18.301 

17 

23.952 

19.710 

TEST  11-26 

# 

K.  SHAPE  si. 9000  DISCRIMINATION  RATIOs  1*500 

INPUT  ALPHAS  .100  INPUT  BETAs  .10  0 NMAXs 
EfN)  s 7.53203  ECN)  MULTIPLIER  » 2.00 


TEST 

ACrSPT 

REJECT 

1 

5.525 

0.000 

2 

6.959 

0.000 

3 

8.393 

• 212 

4 

9.627 

1.646 

5 

11.231 

3.030 

6 

12.695 

4.515 

7 

14.130 

5.94  9 

8 

15.564 

7.333 

9 

16.998 

8.817 

10 

18.432 

10.251 

11 

19.866 

11.685 

12 

21.310 

13.120 

13 

22.735 

14.554 

14 

22.947 

15.966 

15 

22.947 

17.422 

16 

22.947 

18.856 

212 
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TEST  11*27 

i K,  SHAPE  * 2 • 0 00 0 DISCRIMINATION  PATIO*  1.500 

INPUT  AL°HA*  .100  INP'JT  ^rT A*  ,10  0 
E(N)  * 6.88314  E(N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.415 

0.000 

2 

6.874 

0.000 

3 

8 .3"*4 

• 424 

4 

9.794 

1.83  4 

5 

11.253 

3.343 

6 

12.713 

4.303 

7 

14.173 

6.253 

S 

15.63? 

7.722 

9 

17.092 

9.18? 

10 

18.552 

10.642 

11 

20.011 

12.101 

12 

20 .435 

13.551 

13 

20.435 

15.021 

14 

20.435 

15.430 

• 

TEST  11- 

K»SHAP 

S *2.1000 

DISCRIMINATION  RATIO* 

INPUT 

ALPHA*  .100 

INPUT  9-TA*  .10  0 

E<N> 

* 6.31702 

E(N)  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

1 

5.319 

0.000 

2 

6.804 

0.000 

3 

8.?89 

*623 

4 

9.775 

2.109 

5 

11.260 

3.594 

6 

12.746 

5.079 

7 

14.231 

6.555 

8 

15.717 

3.050 

9 

17.202 

9.536 

10 

' 18.538 

11.021 

11 

19.311 

12.507 

12 

19.311 

13.992 

13 

19.311 

15.478 
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TEST  11-29 


K,  SHAPE 

*2.  2 000  . 

DISCRIMINATION  PATIO 

INPUT  ALPHA*  .100 

IN®'JT  «rTA*  .10  0 

ECN) 

* 5. 52337 

E (N)  MULTIPLIER  * 2 

TEST 

ACCEPT 

REJECT 

1 

5.23V 

0.000 

2 

6.745 

0.000 

3 

8.257 

• 811 

4 

9.769 

2.323 

5 

11.230 

3.834 

* 6 

12.792 

“ 5.346  ' 

7 

14.303 

5.857 

8 

15.315 

8.369 

9 

17.376 

9.830 

10 

* 18.137 

11.392 

11  . 

18.137 

12.903  * 

12 

18.177 

14.414 

TEST  11-30 

RESHAPE  *2,3000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .100  INPUT  PITA*  .10  0 

E(N)  * 5.39013  E CM)  MULTIPLIER  * 2.00 


TEST 

ACCS°T 

REJECT 

1 

5.161 

0.000 

2 

6.598 

0.000 

3 

8.235 

.990 

4 

9.774 

2.528 

5 

11.312 

4.066 

6 

12.849 

5.603 

7 

14.337 

7.141 

8 

15.925 

8.879 

9 

15.915 

10.217 

10 

16.915 

11.754 

11 

16.9t5 

13.29? 
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TEST  II- 31 

. 

K.SHAP* 

■ 2.4P99 

DISCRIMINATION  RATIO*  1.500 

INPUT  4LPMA*  ,100 

INPUT  9-Tl«  .10  0 

ecni 

* *.00784 

ECN1  MULTIPLIER  « 2.00 

TEST 

accept 

REJECT 

1 

9.098 

0.000 

2 

8.840 

0.000 

3 

8.725 

1.161 

% 

9.789 

2.725 

5 

11.353 

4.799 

6 

12.917 

5.854 

7 

14.492 

7.418 

« 

18.048 

9.952 

9 

17.207 

10.546 

10 

17.207 

12.111 

11 

17.707 

13.675 

CT 

— - — • 

t 

TEST  11-32 

Nt  SHOPS 

«2.5»*00 

DISCRIMINATION  RATIO*  . 1.500 

* 

INPUT  AL*HA*  .100 

IN®UT  BETA*  .10  0 

ECN) 

■ 4.86812 

E (N)  NULTIPLIEP  * 2.00 

TEST 

ACCENT 

| 

REJECT 

1 

5.040 

0.  000 

Z 

8.631 

0.000 

3 

8.222 

1.324 

4 

9.413 

2.915 

9 

11.404 

4.306 

6 

12.995 

6.097 

W 9 

14.588 

7,458 

8 

15.910 

9.279  \ 

9 

15.910 

10.871  \ 

* 

10 

• 

15.910 

12.462 

Q 

• • 

j 

• 

215  * ^ j 

j 

. ....  „ _i 

* V V*;-  • 


TEST  11-33 


k*smape  *2.onoo  discrimination  ratio*  i. *?ij o 

INPUT  ALPHA*  .150  INPUT  9"TA*  .100 

EIN)  * 3.84948  E CN)  MULTIPLIER  * 2.00 


1 TEST 

ACCEPT 

REJECT 

1 

4*910 

0.000 

i 2 

5.593 

• 108 

3 

8.256 

1.781 

\ 4 

9.929 

3.454 

t 5 

11.602 

5.127 

6 

► 13.274 

5.799 

7 

13.393 

5.472 

! 8 

13.333 

10.145 

TEST  11-34 

K»SHAPE  *3.0  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .100  INPUT  RETA*  .10  0 

EIN)  * 3.42953  E IN)  MULTIPLIER  * 2.00 


TEST 

ACCENT 

REJECT 

1 

4.851 

. 0.000 

2 

6.579 

.335 

3 

8.308 

2.063 

4 

10.037 

3.792 

9 

11.765 

5.520 

6 

12.100 

7.249 

7 

12.100 

t 

8.975 

TEST  11-35 


K*  SHAPE 

*3  . 3 000 

DISCRIMINATION  RATIO* 

INPUT  ALPHA*  .100 

INPUT  8ETA*  .10  0 

EIN). 

* . 2.92770 

EIN)  MULTIPLIER  * 2.00 

TEST 

ACCENT 

• 

REJECT 

1 

4.793 

0.000 

2 

5.607 

• 549 

3 

8.421 

2.463 

• 4 • 

10.234 

4.2  77 

5 

10.684 

5.091 

6 

10.884 

7.905 
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TEST  11-36 


K*SHAP£  *3.6  009  DISCRIMINATION  RATIO*  : 

INPUT  ALPHA*  .100  IN®UT  R“TA*  .10  0 
E(N)  * ?•  54019  E (N)  MULTIPLIER  * 2.00 


TEST 

1 

2 

3 

4 

5 

6 


ACCEPT 

4*764 

6.666 

8.666 

10.468 

11.408 

11.408 


REJECT 
0.  000 
• 941 
2.84? 
4.743 
S.  646 
8.546 


TEST  11-37 


Ky SHAPE  *3.9  00  9 

DISCRIMINATION  RATIO*  1.600 

INPUT 

ALPHA*  ,100 

INPUT  RITA*  .10  0 

ECN) 

* 2.23347 

E (N)  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

1 

4.757 

0.000 

2 

6.748 

1.215 

. • 

'3 

8.739 

3.206 

• 

4 

9.954 

5.197 

* 

. « 

9.994 

7.186 

TEST  11-38 
PATIO*  1.600 


KfSHAPS  * 4. 3 PO 0 DISCRIMINATION  PATIO* 

INPUT  ALPHA*  .100  INPUT  9ETA*  .100 
ffN>  * 1.91394  E (N)  MULTIPLIER  * 2.00 


TEST 

1 

. Z • 

3 

4 


ACCEPT 

4.7*6 

6.889 

6.492 

8.452 


REJECT 

0.060 

1.563 

3.676 

5.789 


TEST  11-39 


' 

K*SHAPE  *4.6*00 

DISCRIMINATION  PATIO*  1.500 

INPUT 

ALPHA*  .100 

IN»UT  PITA*  .100 

j 

1 ' 

• • 

E(N> 

* 1,’2329 

E(N>  MULTIPLIER  * 2.00 

j 

I 

TEST 

ACCEPT 

REJECT 

i 

1 

4.007 

0.000 

1 

• 

2 

7.0t4 

1.014 

3 

8.328 

4.021 

1 

1 

} 

4 

8.628 

6.228 

j 

! 

1 

1 

( 

TEST  IX°40 

RESHAPE  *5.7  000 

DISCRIMINATION  RATIO*  1.500 

I 

INPUT 

ALPHA*  .100 

INPUT  3TT A*  .10  0 

j 

j 

E(N) 

* 1.24639 

E(M>  MULTIPLIER  * 2.00 

. 

TEST 

ACCEPT 

REJECT 

. 

1 

5.005 

• 126 

2 

7.570 

2.692 

I 

I * 

3 

7.697 

5.257 

! 


1 
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ACCELERATED  TEST  M/0  REPLACEMENT 
INPUT  AL°HA=  .200  INPUT  BET  A*  ,200 

MULTIPLICATION  FACTOR*  1.50  NMAX*  5000 


K 

ALPHA 

BETA 

NIC) 

Nil) 

TCO) 

Til) 

.50 

• 234 

• 205 

37.15 

40.  87 

5.892 

5.553 

.52 

• 224 

• 23  4 

34.48 

37.24 

5.099 

4.945 

• 54 

.234 

• 202 

32.  65 

35.00 

4.  817 

4.64  7 

• 56 

.241 

• 205 

30.30 

33.01 

4.  346 

4.275 

• 58 

• 239 

• 202 

27.90 

31.08 

3.842 

3.935 

• 60 

• 235 

• 20  8 

26.  34 

29.64 

3.679 

3.640 

• 63 

• 238 

• 186 

24.71 

27.20 

3.428 

3.112 

• 65 

.242 

• 198 

22.  77 

25.56 

3.087 

3.023 

• 68 

• 240 

.193 

21.38 

24.05 

2.990 

2.785 

.70 

• 240 

.193 

19.56 

22.25 

2.  766 

2.636 

.73 

.237 

.191 

18.50 

20.69 

2.654 

2.347 

.75 

.241 

.193 

17.67 

19.67 

2.619 

2.313 

• 80 

• 233 

• 184 

15.50 

17.63 

2.341 

2,020 

• 85 

• 244 

.179 

14.  04 

15.88 

2.24? 

1.876 

• 90 

• 235 

• 181 

12.64 

14.50 

2.067 

1.737 

.95 

o 242 

o 171 

11.  63 

13.17 

1.988 

1.622 

1.00 

• 243 

• 183 

10.46 

12.06 

1.904 

1.539 

1.10 

.251 

• 180 

8.85 

10.31 

1.820 

1.457 

1.20 

• 241 

• 158 

7,70 

3.93 

1.738 

1.331 

1*  30 

• 251 

. 174 

6.65 

7.79 

1.683 

1.30  0 

1.40 

,245 

• 164 

5.96 

7,11 

1.613 

1.245 

1.50 

.246 

• 151 

5.30 

6.42 

1.558 

1.136 

1.  60 

.233 

• 150 

4.74 

5.76 

1.533 

1.152 

1.70 

.237 

• 140 

4,36 

5.19 

1.534 

1.127 

1.  80 

.249 

.155 

3.84 

4.67 

1.499 

1.155 

1*90 

.236 

.133 

3.65 

4.50 

1.451 

1.087 

2.03 

• 242 

.144 

3.25 

3.96 

1.443 

1.039 

2.  10 

• 234 

• 137 

3.13 

3.  82 

1.411 

1.048 

2.23 

.231 

• 122 

3.04 

3.70 

1.383 

1.012 

2.30 

.243 

.133 

2.67 

3.25 

1.369 

1.050 

2.40 

• 248 

.121 

2.60 

3.17 

1.349 

1.021 

2.50 

• 223 

• 117 

2.55 

3.09 

1.339 

.997 

2.80 

.239 

.117 

2.11 

2.56 

1.298 

1.018 

3.00 

• 223 

. 110 

2.02 

2.49 

1.291 

.998 

3.30 

• 202 

.096 

1.93 

2.41 

1.264 

.982 

3.  60 

• 229 

• 105 

1.55 

1.89 

1.212 

• 991 

3*90 

• 226 

. 091 

1.49 

1,76 

1.195 

• 944 

4.  30 

• 198 

.068 

1.41 

1.62 

1.178 

• 892 

4.60 

• 200 

• 063 

1.37 

1.54 

1,168 

• 886 

5.70 

• 229 

• 070 

1.00 

1.00 

1.137 

• 922 
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ACCELERATED  TEST  H/0  REPLACEMENT 
INPUT  ALPHA*  ,200  INPUT  BETA*  .200 
MULTIPLICATION  FACTOR*  2. 0C  NMAX*  500C 


K 

ALPHA 

BETA 

NCO ) 

N(l) 

T CO) 

TCI) 

• 50 

• 216 

• 196 

40.96 

45*05 

3.859 

4.189 

• 52 

• 211 

• 191 

38.54 

41.23 

3.660 

3*505 

• 54 

• 223 

• 183 

35.70 

38.99 

3.266 

3.281 

• 56 

• 221 

• 193 

33,57 

36.79 

3.091 

2.874 

• 58 

• 214 

• 173 

31.01 

33.87 

2.819 

2.609 

• 60 

• 217 

, • 163 

26.61 

32.25 

2.589 

2.50  3 

• 63 

• 203 

• 175 

27,04 

29,87 

2.390 

2.196 

• 65 

• 228 

.176 

25.55 

28,17 

2.295 

2.1C6 

• 66 

• 224 

.173 

23.55 

26.24 

2.192 

1.927 

• 70 

• 220 

. 170 

22.20 

24.48 

2.090 

1.823 

• 73 

• 220 

.175 

20.73 

22.99 

2.04C 

1.741 

• 75 

• 218 

• 171 

19.23 

21.89 

1.903 

1.689 

• 80 

• 225 

• 168 

17.47 

19.48 

1.817 

1.500 

• 85 

©220 

• 163 

15.65 

17.40 

1.732 

1.360 

©98 

©210 

.176 

14.14 

15,91 

1.670 

1.317 

• 95 

• 213 

• 156 

12.79 

14.50 

1.622 

1.264 

1«00 

• 222 

• 156 

11.71 

13.57 

1.554 

1.234 

1. 10 

• 220 

• 148 

9.71 

11.53 

1.481 

1.154 

1«  20 

• 228 

• 157 

8*49 

9.93 

1.485 

1.108 

1.  30 

• 227 

• 150 

7.44 

8.77 

1.434 

1.054 

1.40 

• 210 

• 147 

6.46 

7.84 

1.429 

1.051 

1.50 

• 223 

• 136 

5.76 

6,88 

1.450 

1.040 

1.60 

• 216 

• 140 

5*26 

6,23 

1.436 

1.010 

1.70 

.217 

• 137 

4.79 

5,72 

1.432 

1.002 

1.  80 

• 223 

• 135 

4.  34 

5.25 

1.416 

1.007 

1.90 

• 218 

• 128 

4.13 

5.03 

1.369 

• 969 

2.00 

• 204 

• 125 

3.74 

4.56 

1.385 

• 973 

2*10 

• 214 

• 125 

3.40 

4.12 

1.388 

• 982 

2.20 

• 209 

• 111 

3.24 

3.98 

1.354 

.949 

2.30 

• 201 

• 109 

3.09 

3.82 

1,322 

• 920 

2*40 

• 218 

• 110 

2.86 

3.48 

1.341 

.957 

2.50 

• 211 

• 106 

2.74 

3.36 

1.316 

• 930 

2.80 

• 202 

• 091 

2.36 

2.90 

1.302 

.943 

3.00 

• 186 

• 079 

2.21 

2.79 

1.279 

• 923 

3.30 

• 164 

• 095 

1*91 

2.41 

1.268 

.976 

3.60 

.174 

• 0 72 

1.62 

2.23 

1.243 

.910 

3,90 

• 188 

• 058 

1.69 

2.04 

1.203 

• 862 

4.30 

• 204 

.075 

1.41 

1.63 

1.  177 

• 904 

4.  60 

• 210 

• 065 

1.36 

1.54 

1*165 

• 683 

5.70 

• 159 

• 039 

1.24 

1.34 

1,157 

• 864 

221 


ACCELERATEO  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE*  1000 
INPUT  ALPHA*  .200  INPUT  BETA*  .200 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  1 


N (1) 


T CO) 


TCI) 


45.21 

42.20 

38.51 

36.28 

33.89 

32.38 

30.12 

28.45 
26.58 
24.53 
22.69 
21.37 
19.80 
17.84 
15.97 
14.50 
13.88 

11.45 
9.83 
8.55 

7.78 

6.78 
6.44 
5 


122.807 
105.872 
92.551 
82.837 
72.481 
67.104 
57.842 
51.434 
46.314 
41.312 
37.881 
34.120 
29.242 
24.878 
22.461 
19.437 
17.505 
14.264 
11.753 
10.149 
9.197 
7.781 
6 


3 

3.628 
3 
2 
2 


2.416 


92.528 

79.194 

66.838 

60.732 

53.219 

45.032 

42.990 

39.135 

34.988 

30.527 

27.902 

25.599 

22.650 

19.451 

16.930 

14.811 

14.326 

10.969 

9.288 

7.900 

7.172 


6.466 

5.059 

5.797 

4.779 

5.54e 

4.391 

5.056 

3.986 

4.425 

3.614 

4.418 

3.542 

4.224 

3.445 

. 


ACCELERATED  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SITE  * 1000 

INPUT  ALPHA*  .200  INPUT  BETA*  .20  0 
MULTIPLICATION  FACTOR*  2.0  0 NSTANO*  2 


K 

ALPHA 

BETA 

NCO) 

NCI) 

T CO) 

TCI) 

• 50 

• 207 

• 204 

40.66 

44.  95 

57.910 

43.834 

• 52 

• 210 

• 181 

37,54 

42,53 

49*653 

38.287 

.54 

.200 

• 163 

35.57 

38,  94 

»4. 744 

32.655 

• 56 

.199 

• 187 

32,5  0 

36.28 

38.863 

29.248 

• 58 

.218 

.165 

31.9  8 

34.93 

35.736 

26.468 

• 60 

• 220 

• 190 

28.66 

33,24 

30,987 

24.434 

• 63 

• 224 

.172 

26.76 

30.50 

27,425 

21.235 

• 65 

• 212 

• 163 

25.4  2 

28,  09 

25,143 

18.639 

• 68 

• 193 

.176 

23.58 

27.  01 

22.643 

17.346 

• 70 

• 231 

• 188 

23.0  6 

24.59 

20. 847 

15.446 

.73 

• 219 

.175 

20.43 

22.  97 

18.272 

13.853 

• 75 

.213 

• 189 

19.25 

21.46 

16.849 

12.70  2 

• 80 

.221 

.188 

17.41 

19.  10 

14.359 

10.770 

• 85 

• 202 

.179 

15.60 

17.  27 

12.628 

9.356 

• 90 

.211 

.175 

14.07 

15.  94 

11.039 

8.373 

.95 

• 200 

• 180 

12.01 

15.  08 

9,395 

7.840 

1.00 

.239 

• 182 

11.67 

13.  22 

8.638 

6.657 

1.10 

.221 

.157 

9.97 

11.  42 

7,268 

5.573 

1.20 

• 200 

• 176 

8.31 

9.  89 

6,07  3 

4.779 

1.30 

• 207 

• 132 

7.72 

8.78 

5.533 

4.09? 

1.40 

• 219 

• 133 

6.4  0 

7.87 

4,573 

3.573 

1*50 

• 237 

• 146 

5.67 

6.88 

4.046 

3.249 

1.60 

• 212 

• 135 

5,25 

6.  37 

3.792 

2.962 

1.70 

• 204 

.146 

4,77 

5.68 

3.480 

2.666 

1.80 

.229 

• 149 

4.43 

5.22 

3,231 

2.  446 

1.90 

• 186 

• 129 

4.0  2 

4,  99 

3,023 

2.353 

2.00 

.223 

. 112 

3,75 

4.57 

2,810 

2.162 

2.10 

• 224 

• 126 

3.31 

4.  15 

2,528 

1.988 

2.20 

.203 

.104 

3.31 

3.90 

2.538 

1.847 

2.30 

• 213 

.112 

3.11 

3,87 

2.407 

1.869 

2.40 

• 240 

• 101 

2.9  0 

3.45 

2,243 

1.676 

2.50 

• 200 

.107 

2.91 

3.  38 

2,224 

1.571 

2.80 

• 200 

.100 

2.33 

2.  86 

1.936 

1.433 

3.00 

• 203 

• 094 

2.26 

2.  81 

1,886 

1.434 

3.30 

.199 

• 101 

1.93 

2.43 

1,698 

1.286 

3.60 

.178 

• 059 

1.85 

2.  21 

1,662 

1.143 

3.90  . 

• 162 

.071 

1.67 

2.00 

1,569 

1.073 

4,30 

• 200 

• 067 

1.40 

1.62 

1,363 

• 894 

4*60 

• 185 

• 073 

1.36 

1,57 

1,359 

• 895 

5.70 

• 155 

• 045 

1.22 

1,35 

1,322 

• 865 

( 


ACCELERATEO  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE  * 1000 

INPUT  ALPHA*  .200  INPUT  BETA*  .20  0 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  3 


K 

ALPHA 

BETA 

N(0) 

N(  1) 

TCO) 

TCI) 

• 50 

• 209 

• 204 

40.81 

44,30 

36,714 

27.506 

• 52 

• 206 

.163 

38.00 

41.50 

31.742 

23.969 

.54 

• 214 

• 167 

34«  68 

38.18 

27,744 

20.443 

• 56 

.173 

.176 

32.62 

36.  81 

24,997 

19.018 

• 56 

• 210 

• 168 

32.19 

33.93 

23.080 

16.556 

• 60 

• 226 

• ISO 

28.09 

32.24 

19.299 

15.234 

• 63 

• 206 

• 180 

27.09 

29.  88 

17.991 

13.435 

• 65 

.195 

.177 

25.37 

28.  12 

16.232 

12.181 

• 66 

• 207 

.170 

22.68 

25.  94 

14.203 

10.736 

.70 

• 209 

• 210 

22.23 

24.  49 

13.241 

10.165 

.73 

.235 

• 197 

20*70 

23.55 

11,816 

9.462 

.75 

.227 

.178 

18.91 

21.26 

10.689 

8.115 

o 80 

. 217 

o 179 

17.33 

19.70 

9,471 

7,306 

• 65 

.213 

• 191 

15.39 

i7.  50 

8.125 

6.310 

• 90 

.207 

• 194 

13,72 

16.  39 

7.176 

5.602 

.95 

• 205 

• 173  „ 

12.60 

14.28 

6.504 

4.839 

1.00 

.225 

• 167 

11.49 

13,31 

5.761 

4.  4<*6 

1*10 

• 209 

.170 

10.13 

11.51 

4.990 

3.791 

1.20 

.239 

• 156 

8.43 

9,76 

4.069 

3.130 

1.30 

.220 

• 165 

7.60 

6,62 

3.709 

2.765 

1«  40 

• 216 

• 136 

6.75 

7,81 

3,328 

2.506 

1*50 

.225 

.144 

5.87 

6.74 

2.923 

2.169 

1.60 

• 213 

• 157 

5.12 

6,22 

2,642 

2.029 

1.70 

. 211 

il44 

4.60 

5,  82 

2.504 

1.916 

1.60 

• 225 

• 122 

4.31 

5,22 

2.278 

1.703 

1.90 

.202 

.121 

4.10 

4,  88 

2.221 

1.613 

2.00 

.197 

• 130 

3.64 

4.56 

2.121 

1.559 

2.10 

.215 

• 108 

3*42 

4,16 

1.930 

1.410 

2.20 

.193 

• 103 

3.22 

3.92 

1.893 

1.345 

2.30 

• 192 

• 116 

3.18 

3.78 

1.857 

1.329 

2,  AO 

• 213 

• 112 

2.85 

• 3.46 

1.716 

1.228 

2.50 

• 211 

.097 

2*76 

3.38 

1 , 664 

1.205 

2.80 

. 189 

• 128 

2.30 

2.87 

1.522 

1.088 

3.00* 

• 160 

.079  . 

2.24 

2.73 

1.503 

1.034 

3.30 

.200 

• 095 

1.92 

2.41 

1.367 

• 960 

3.60 

.195 

• 063 

1.77 

2.26 

1.320 

.917 

3,90 

.170 

.065 

1«  62 

2«  03 

1.291 

• 658 

A.  30 

.193 

.066 

1.43 

1.61 

1.225- 

.793 

4.60 

• 169 

• 055 

1*38 

1.55 

1.232 

• 790 

5*70 

• 142 

• 026 

1.26 

1,35 

1.236 

.799 

224 

• 

ACCELERATED  TESTS  WITH  REPLACEMENT 
MCNTE  CARLO  SIZE  * 1000 

INPUT  ALPHA*  .200  INPUT  BETA*  .200 
HULT I PLICATION  FACTORS  2.00  NSTAND=  5 


K 

ALPHA 

1ET  A 

N ( 0 ) 

N (1) 

T (0) 

T (1) 

S 1 

• SO 

.211 

.201 

40.11 

44.56 

19.740 

15.452 

• 52 

.217 

.176 

37.76 

41.53 

17.373 

13.270 

.54 

.206 

.169 

34.72 

38.76 

15.343 

11.671 

• 56 

.184 

.181 

32.24 

36.59 

13.707 

10.648 

.58 

.218 

.173 

31.24 

33.79 

12.446 

9.358 

• 60 

.206 

.170 

28.64 

32.21 

11.151 

8.588 

.63 

.222 

.176 

27.57 

30.76 

10.151 

7.959 

;65 

.191 

.199 

25.4  0 

28.37 

9.171 

7.132 

.68 

.244 

.210 

24.16 

26.3  0 

8.224 

6.461 

.70 

.218 

.188 

22.01 

24.33 

7.484 

5.714 

.73 

.223 

.*172 

20. S5 

23.07 

6.899 

5.236 

.75 

.220 

.166 

19.19 

21.70 

6.249 

4.897 

• 80 

.156 

o 18 1 

17  o 22 

19.80 

5.475 

4.300 

.85 

.179 

.169 

15.16 

17.22 

4.784 

3.589 

• SO 

.196 

.174 

14.10 

15.86 

4.322 

3.265 

.55 

.215 

.152 

12.75 

14.62 

3.662 

2.941 

1.00 

.243 

.177 

11.30 

13.28 

3.360 

2.690 

1.10 

.228 

.159 

9.96 

11.46 

2.976 

2.283 

1.20 

.228 

.145 

8.47 

9.95 

2.581 

1.969 

1.30 

.208 

.130 

7.11 

■ 8.80 

2.248 

1.729 

1.40 

.242 

.141 

6.50 

7.80 

2.056 

1.579 

1.50 

.230 

.139 

5.66 

6.89 

1.857 

1.422 

1.60 

.216 

.153 

5.24 

6.24 

1.768 

1.320 

1.70 

.236 

.124 

4.77 

5.88 

1.655 

1.256 

1.80 

.215 

.133 

4.22 

5.14 

1.528 

1.127 

1.50 

.217 

.109 

4.15 

5.04 

1.538 

1.110 

2.00 

.213 

.131 

3.77 

4.52 

1.470 

1.046 

2.10 

.225 

.126 

3.34 

4.07 

1.357 

.959 

2.20 

.238 

.116 

3.24 

3.99 

1.331 

.961 

2.30 

.226 

.113 

3.22 

3.84 

1.326 

.942 

2.40 

• 201 

.119 

2.80 

3.52 

1.268 

.902 

9 

2.50 

.210- 

.109 

2.74 

3.31 

1.257 

.861 

'a 

2.80 

.207 

.101 

2.36 

2.94 

1.180 

.838 

. -] 

3.00 

.166 

.106 

2.16 

2.76 

1.175 

.819 

-ATI 

* 

3.30 

.204 

.092 

1.93 

2.40 

1.119 

.783  f 

" i 

.*  ■ 

3.60 

.172 

.084 

1.82 

2.25 

1.123 

.768 

< >' 

3.50 

.182 

.056 

1.72 

2.04. 

1.114 

.730  . 1 

- .oi  - 

i 

4.30 

.203 

.071 

1.41 

1.64 

1.060 

.704 

4.60 

.223 

.061 

1.37 

1.57 

1.062 

.712 

Kb 

5.70 

.148 

.031 

1.22 

1.34 

1.125 

.722  » 

ilE‘ 
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TEST  III-l 


i 


| I 

f. 

I ft 

; i 

f t 


K.SM8P5 

> .5  000 

DISCRIMINATION  RATIO*  1.500 

INPUT  4LPHftx  ,?00 

INPUT  RET Ax 

.20  0 

ECN) 

s 43.25606 

E (N)  MULTIPLIER  = 

2.00 

TEST 

accent 

REJECT 

TEST 

ACCEPT 

1 

* 8.659 

o.onn 

46 

58.375 

2 

9.764 

0.000 

47 

59.480 

3 

10.869 

0.000 

48 

60.594 

4 

11.974 

0.000 

49 

61.689 

5 

13.079 

0.000 

50 

62.794 

6 

14.163 

0.000 

51 

63.899 

7 

15.288 

.179 

52 

65.004 

8 

15.393 

1.284 

53 

66.10  3 

9 

17.498 

2.389 

54 

67.213 

10 

18.602 

3.493 

55 

6 3.313 

11 

19.707 

4.598 

56 

69.423 

12 

20.812  • 

5.703 

57 

70.523 

13 

21.917 

6.808 

58 

71.632 

14 

23.022 

7.912 

59 

72.737 

15 

24.126 

9.017 

60 

73.842 

16 

25.231 

10.122 

61 

74,  947 

17 

26.336 

11.227 

62 

76.052 

18 

27.441 

12. 332 

63 

77.  156 

19 

28.546 

13.436 

64 

79.261 

20 

29.650 

14.541 

65 

79.366 

' '21  ' 

30.755 

15.646 

66 

3 0.471 

22 

31.860 

16.751 

67 

91.  575 

23 

32.965 

17.856 

68 

82,680 

24 

34.070 

18.950 

69 

83.795 

25 

35.174 

20.055 

70 

84, 890 

26 

36.779 

21.170 

71 

85.  995 

27 

37.384 

22.275 

72 

87.099 

28 

38.489 

23.379 

73  r 

88.  204 

29 

39.593 

24.484 

74 

89.309 

30 

40 .698 

25.589 

75 

90.  414 

31 

41.903 

26.694 

76 

91.519 

32 

42.908 

27.799 

77 

92.623  • 

33 

44.013 

28.903 

78 

93,728 

34 

45.117 

30.506 

79 

94.833 

35 

46.222 

31.113 

80 

95.  938 

36 

47.327 

32.218 

81 

96.117 

37 

48.432 

33.323 

82 

96.117 

38 

49.537 

34,427 

83 

96.117  , 

39 

50.641 

35.532 

84 

96.117  . 

40 

51.746 

36.637 

85 

96.11T  . 

41 

52.851 

37.742 

86 

96.117 

42 

53.956 

38.847 

87 

96.117 

43 

55.061 

39.951 

44 

56.165 

41.056 

' 45 

57.270 

42.161 

227 


REJECT 

4 3.266 

44  . 370 

45.  475 

4ft. 580 

47,685 

48.790 

49.894 

50.999 

52.104 

53.209 

54.314 

55,418 

5ft. 523 

57.  628 

58.733 

59. 838 

50.942 

52.047 

53.152 

64.257 

65.361 

5ft. 466 

67.  571 

58  . 6 76 

69.781 

70.585 

71.990 

73.095 

74.200 

75.305 

76.409 

77.514 

78.519 

79.724 

80.829 

81.933  . 

83.038 

84.143 

65  . 248 

86  . 352 

87.457  • 

88.5  62 


TEST  I II -2 


K*  SHA  P 

5 a .5200 

0ISCRTH7NATI0N  RATIO*  1.500 

INPUT 

ALPHAS  ,20  0 

INPUT  BETA5 

• 20  0 

E<N> 

a 4 0,09723 

E(N>  MULTIPLIER  = 

?.  00 

TEST 

ACCF3T 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

8,402 

0,000 

46 

58.312 

43  . 727 

2 

9,511 

0,009 

47 

59.421 

44.  836 

3 

10,620 

0,000 

48 

60.530 

45  , 945 

4 

11,729 

0,000 

49 

61.640 

47.054 

5 

12,838 

0,000 

50 

62.749 

48.164 

6 

13,947 

0.000 

51 

63.858 

49.273 

7 

15,056 

.471 

52 

64.967 

50.382 

6 

16,166 

1,580 

53 

66.  076 

51.491 

9 

17,?75 

2,690 

54 

67.185 

52.600 

10 

18,384 

3.799 

55 

68.  294 

53  . 7 0 9 

11 

19.493 

4,908 

56 

69.403 

54.818 

12 

20,602 

6,017 

57 

70.513 

55.927 

13 

21,711  , 

7.126 

58 

71.  622 

57.037 

14 

22.820 

8.235 

59 

72.  731 

58.146 

15 

23.929 

9.344 

60  • 

73.  840 

59.255 

15 

25,038 

10.453 

61 

74.949 

60.364 

17 

26.148 

11.563 

62 

76.053 

61.  473 

18 

27.257 

12.572 

63 

77.167 

62  . 582 

19 

28  ,366 

13.781 

64 

78.276 

63.691 

20 

29.475 

14,890 

65 

79.386 

6^. 800 

21 

30.584 

15.999 

66 

80.495 

65.910 

22 

31.693 

17.108 

67 

81.604 

67.019 

23 

32.802 

18.217 

68 

82.713 

63.128 

24 

33.911 

19.326 

69 

83.822 

69.237 

25 

35.0  21 

20.436 

70 

84.  931 

70.34S 

26 

36.130 

21.545 

71 

86.040 

71.455 

27 

37.239 

22.654 

72 

87.149 

72  . 5 64 

28 

38.348 

23.763 

73 

88.253 

73. 673 

29 

39.457 

24.872 

74 

89.  368 

*4.783 

30 

40,556 

25.981 

75 

89.839 

75.892 

31 

41.675 

27,090 

76 

39.839 

77,001 

32 

42,734 

28.199 

77 

89.839 

*8,110 

33 

43.894 

29,309 

78 

8 9.839  * 

*9.219 

34 

45.003 

30,418 

79 

89.839 

80.328 

35 

46,112 

31.527 

80 

89.839 

81.437 

36 

47.221 

32,635 

81 

89.839 

82.546 

37 

48,330 

33.745 

38 

49.439 

34.854 

39 

50,548 

35.963 

40 

51,657 

37.072 

41 

52 .767 

38.182 

. 

42 

53.876 

39.291 

43 

. 54.985 

40.400 

44 

56,094 

41.509 

45 

57.203 

42.618 

TEST  I II -3 


FT 


— — 


Kf  SHA  P 

“ * .5400 

0ISCPIMTN5TI0N  PATIO*  1.500 

IN*»UT 

ALOHA*  .200 

INPUT  9i TA* 

.20  0 

ECN) 

= 3 7.27915 

ECN)  MULTIPLIER  * 

2.  00 

TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

8.163 

0.000 

46 

58.  269 

44.170 

2 

9.277 

0.000 

47 

59.383 

45.283 

3 

10.390 

0.000 

43 

60.496 

46.396 

4 

11.504 

0.000 

49 

61.610 

47,510 

"S'  " " 

12.617  ' 

’ o.  ooo 

50 

'62.723 

48.623 

6 

13.731 

0.000 

51 

63.  837 

49.737 

7 

14.844 

.744 

52 

64.  950 

50.850 

8 

15.958 

1.858 

53 

66.  064 

51.964 

9 

17.071 

2.971 

54 

67.177 

53,077 

10 

18.105 

4.085 

55 

63.  291 

54,191 

11 

19.298 

5.198 

56 

69.404 

55.304 

12 

20.412 

6.312 

57 

70.518 

56,418 

13 

21.525  , 

7.425 

58 

71.631 

57, 531 

14 

22.638 

8.539 

59 

72.745 

58.645 

15 

23.752 

9.652 

60 

73.858 

59.753 

16 

24.865 

10.766 

61 

74.971 

60.37? 

17 

25.979 

11.879 

62 

76.085 

61.985 

18 

27.092 

12.992 

63 

77.198 

63.093 

19 

28.206 

14.106 

64 

78.312 

64,212 

20 

29.319 

15.219 

65 

79.425 

65,325 

21 

30.433 

16.  333 

66 

80.539 

66,439 

22  ’ 

31.546 

17.446 

67 

81.  652 

67.552 

23 

32.660 

18.560 

68 

32.  766 

68.666 

24 

33.773 

19.673 

69 

83.510 

69.779 

25 

34.887 

20.787 

70 

33.510 

70.393 

26 

36.000 

21.900 

71 

83.510 

72  .’0  06 

27 

37.114 

23.014 

72 

83.510 

73. 120 

28 

38 .227 

24.127 

73 

83.510 

74.233 

29. 

39.340 

25.241 

74 

83.510 

75  . 347 

30 

40.454 

26.354 

75 

83.510 

76.460 

31 

41.567 

27.468 

32 

42.681 

28.501 

• 

33 

43.794 

29.694 

34 

44.900 

30.808 

35 

46.021 

31.921 

36 

47.135 

33.035 

• 

37 

40.248 

34.148 

• 

38 

49.362 

35.262 

* 

39 

50 .475 

36.375 

40 

51.509 

37.409 

41 

52.702 

30.602 

• 

42 

53.816 

39.716 

43 

54.929 

40.829 

44 

56.043 

41.943 

45 

57.1S6 

43.056 

] 


V 


4 

b 


■I 
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TEST  I II -4 


K,SHA°s  * .56011  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHAS  .200  INPUT  9‘TA*  .20  0 

E(N>  * 34.75425  E (N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

7.943 

0.  000 

46 

58.245 

44.  595 

2 

9.060 

0.000 

47 

59.362 

45,713 

3 

10.178 

0.000 

48 

60.430 

46.831 

. * 

11 .296 

0.000 

49 

61.  598 

47.  949 

5 

12.414 

0.000 

50 

62.716  * 

49.0  66 

6 

13.532 

0.000 

51 

63.834 

50.184 

7 . 

14.650 

1.000 

52 

64.952 

51.302 

8 

15.767 

2.118 

53 

66.069 

5P.420 

q 

16.895 

3.236 

54 

67.18  7 

53.533 

10 

18.003 

4.353 

55 

68.305 

54.656 

n 

19.121 

5.471 

56 

69.  423 

55. 7T3 

12 

20.239 

6.589 

57 

7 0.541 

56.391 

13 

21.356  • 

7.707 

58 

71.  658 

53.009 

14 

22.474 

8.325 

59 

72.776 

59.127 

15 

23.592 

9.943 

60 

73.894 

60.245 

16 

24.710 

11.060 

61 

75.012 

61. 362 

17 

25.628 

12.173 

62 

76.130 

62.430 

18 

26.946 

13.296 

63 

77.  248 

63  . 598 

19 

29.063 

14.414 

64 

7 8.  248 

64.716 

20 

29.181 

15.532 

65 

7 8.248 

65  . 8 34 

21 

30.299 

16.650 

66 

78.248 

66. 952 

22 

31.417 

17.767 

67 

7 8.248 

68.069 

23 

32.535 

18.865 

68 

78.248 

69.187 

24 

33.653 

20.003 

69 

78.  248 

70.305 

25 

34.770 

21.121 

70 

78.  248 

71.423 

26 

35.888 

22.239 

27 

37,006 

23.356 

28 

38.124 

24.474 

29 

39.242 

25.592 

JO 

40.359 

26. 7l0 

31 

41.477 

27.82  8 

• 

32 

42.595 

26.946 

» 

33 

43.713 

30.063 

34 

44.831 

31.181 

35 

45.949 

32.299 

36 

47.066 

33.417 

37 

48.184 

34.535 

.38 

49.302 

35.653 

39 

50.420 

36.770 

40 

51.538 

37.868 

41 

52.655 

39.006 

42 

53.773 

40.124 

43 

54.891 

41.242 

44 

96.009 

42.359 

45 

57.127 

43.  477 

230 


TEST  I II -5 


Kf  SHA  PE 

* .5800 

DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .200 

INPUT  9*TAs 

.20  0 

ECN) 

= 32.48314 

E(N>  MULTIPLIER  = 

2.00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

7.737 

0.000 

46 

58.236 

45.006 

2 

8.660 

0.000 

47 

59.  358 

46.123 

3 

9.982 

0.000 

43 

60.430 

47.250 

4 

11.104 

0.000 

49 

61.602 

48.372 

5 

12.226 

0.000 

50 

62.  725 

49  . 494 

6 

13.348 

• 116 

51 

63.847 

50.517 

7 

14.470 

1.240 

52 

64.  969 

51.739 

S 

15.593 

2.  362 

53 

66.  091 

52  . 361 

9 

16.715 

3.485 

54 

67.213 

53.983 

10 

17.837 

4.607 

55 

68.336 

55.105 

11  . 

18.959 

5.729 

56 

69.453 

56.227 

12 

20.081 

6.851 

57 

70.580 

57.  359 

13 

21.204  • 

7.973 

58 

71.702 

58.472 

14 

22.325 

9.095 

59  . 

72,824 

59.  594 

15 

23.446 

10.218 

60 

T2,  942 

60.716 

16 

24.570 

11.340 

61 

72.  942 

61.838 

17 

25.692 

12.462 

62 

72.  942 

42.961 

16 

26.815 

13.594 

63 

72.942 

54.083 

19 

27.937 

14.706 

64 

72,942 

65.205 

20 

29.059 

15.329 

85 

72.942 

66.327 

21 

30.181 

16.951 

22 

31  .303 

18.073 

23 

32.426 

19.195 

24 

33 .546 

20.317 

- 

25 

34.670 

21.440 

26 

35 .792 

22.562 

27 

36.914 

23.694 

28 

38.036 

24.806 

29 

39.159 

25.928 

30 

40.281 

27.051 

31 

,41.403 

28.173 

32 

42.525 

29.295 

• 

33 

43.647 

30.417 

34 

44.770 

31.539 

35 

45.692 

32.661 

36 

47.014 

33.784 

37 

48.136 

34.906 

38 

49 .288 

36.028 

39 

50.381 

37.15  0 

40 

51.503 

38.272 

- 

41 

52.625 

39.395 

42 

53.747 

40.517 

43 

54.869 

41.639 

44 

55  .441 

42.761 

45 

57.114 

43.963 

231 


TEST  III-6 


K,SHAP 

“ s *6  00  0 

OISCP.IMIMAT ION  RATIO*  1.500 

INPUT 

ALPHAS  .200 

INPUT  nr  T A = 

.20  0 

ECU) 

= 3 0.43252 

E CM)  MULTIPLIER  * 

2,00 

TEST 

•ACCEPT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

7.546 

0.000 

46 

58.242 

45.402 

2 

8.673 

0.000 

47 

59.368 

46.529 

3 

9.799 

0.000 

48 

60.495 

47.655 

4 

10.925 

0,000 

49 

61.621 

48.782 

5 

12.052 

0.000 

50 

62.  743 

49.909 

6 

13.179 

.340 

51 

63.  874 

51.0  35 

7 

14.306 

1.466 

52 

65.001 

52.162 

8 

15 .432 

2.593 

5 3 

66,  128 

53.  288 

9 

16.559 

3.720 

54 

67.  254 

54.415 

10 

17.685 

4.846 

55 

68.381 

55,  542 

11 

18.812 

5.973 

56 

68.  721 

56.568 

12 

i.9.938 

7.099 

57 

68,721 

57.795 

13 

21.065 

8.226 

58 

68.721 

58.921 

‘ 14 

22.192 

9.352 

59 

68.721 

60.049 

15 

23,318 

10.479 

60 

68.721 

61.174 

16 

24.445 

11.605 

61 

68.721 

82.301 

17 

25.571 

12.732 

18 

26.698 

13.859 

19 

27.824 

14.985 

20 

28.951 

15.112 

21 

30.077 

17.238 

22 

31.204 

18.365 

23 

32.331 

19.491 

24 

33.457 

20.618 

25 

34.584 

21.745 

26- 

35.710 

22.871 

27 

36.837 

23.998 

28 

37.963 

25.12  4 

• 29 

39.090 

25.251 

30 

40.217 

27.377 

31 

41.343 

28.504 

*52 

42.470 

29.631 

33 

43.596 

30,757 

34 

44.723 

31.394 

35 

45.849 

33.010 

36 

46. 9*5 

34.137 

37 

48.103 

35.253 

38 

49.239 

36.39  0 

39 

50.356 

37.517 

40 

51.482 

38.643 

. 

41 

52.609 

39.770 

42 

53.735 

40.896 

43 

54.862 

42.023 

44 

55.989 

43.149 

45 

57.115 

44,276 

i 


TEST  I II -7 


fW~ 


K,SHAP2  * ,6?50 
INPUT  ALPHA*  ,200 
ECN)  « 20,13776 


DISCRIMINATION  PATIO*  1,500 
IN®UT  BETA*  ,20  0 
E (N)  NUITIPLIER  = 2.00 


TEST 

ocr?»T 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

7,325 

0.000 

46 

58.  267 

45.882 

2 

8.457 

0.000 

47 

59.399 

47.014 

3 

9.589 

0.000 

48 

60.531 

43,146 

4 

10.721 

0.000 

49 

61.663 

49.278 

5 

11.853 

0.000 

50 

62.  796 

50.410 

6 

12.995 

• 599 

51 

63.928 

51.542 

7 

14.117 

1.732 

52 

64.527 

52.574 

8 

15.249 

2.964 

53 

64,527 

53.  8 06 

9 

16.381 

3.996 

54 

64.527 

54.  938 

10 

17.513 

5.128 

35 

64,527 

56,070 

11 

18.645 

6.250 

56 

64.527 

57.202 

12 

' 19.777 

7.39? 

57 

64.527 

58.334 

13 

20.910 

8.524 

14 

22.042 

9.656 

15 

23. 1^4 

10.788 

16 

24.306 

11.920 

17 

25.438 

13.052 

10 

26.5*0 

14.154 

19 

27.702 

15.316 

20 

28.834 

15.449 

21 

29.966 

17.580 

22 

31.098 

18.712 

23 

32.230 

19.844 

24 

33,362 

20.976 

25 

34.494 

22.109 

26 

35.626 

23.241 

27 

36.759 

24.373 

- 

28 

37.890 

25.505 

29 

39.022 

26.637 

30 

40.154 

27.759 

31 

41.296 

28.901 

32 

42.419 

30.033 

f 

• 

33 

43.551 

31.165 

34 

44.683 

32.297 

35 

45.815 

33.429 

36 

46.947 

34.561 

37 

48.079 

35.69  3 

• 

38 

49.211 

36.825 

39 

50.343 

37.957 

" * ‘ 

40 

51.475 

39.089 

41 

52.607 

40,221 

42 

53.739 

41.353 

43 

54.8*1 

42.485 

44 

56.003 

43.618 

45 

57.135 

44. 75  0 

TEST  III-8 


Kf  SHAPE  s .6500  DISCRIMINATION  P ATIO*  1.500 

IN°t)T  ALPHA*  .20  0 INPUT  9ETA=  .20  0 

ECN)  * 26.09926  E (N)  MULTIPLIER  * 2.00 


TEST  ACCENT  REJECT  TEST  ACCEPT  REJECT 


1 

7.121 

0.000 

2 

8.259 

0.000 

3 

9.395 

0.  000 

4 

10.534 

0.000 

5 

11.5*1 

0.000 

6 * 

12.009 

.842 

7 

13.946 

1.979 

0 

15.O0U 

3.117 

9 

16.222 

4.254 

10 

17.359 

5.392 

11 

18.497 

6.530 

12 

19.634 

7.657 

13 

20.772 

8.805 

14 

21.909 

9.942 

15 

23.047 

• 11.080 

16 

24.185 

12.217 

17 

25.372 

13.355 

18 

26.460 

14.492 

19 

27 .597 

15.630 

20 

28.735 

16.758 

21 

29.872 

17.905 

22 

31.010 

19.043 

23 

32.147 

20.180 

24 

33.285 

21.313 

25 

34.423 

22.455 

26 

35.560 

23.593 

27 

36.698 

24.730 

28 

37.835 

25.858 

29 

38.973 

27.006 

30 

40.110 

28.143 

31 

41.248 

29.291 

32 

42.3  05 

30.418 

33 

43.523 

31.556 

34 

44.661 

32.693 

35 

45.798 

33.831 

36 

46.936 

34.968 

37 

40.073 

36.106 

38 

49.211 

37  . 2 44 

39 

50.348 

38.331 

40 

51.486 

39.519 

41 

52.623 

40.656 

42 

53.761 

41.794 

43 

54.899 

42.931 

44 

56.036 

44.069 

45 

57.174 

45.207 

46 

58. 

311 

46. 

344 

47 

59. 

449 

47. 

482 

48 

60. 

291 

48. 

619 

49 

60. 

291 

40. 

757 

50 

60. 

291 

50. 

394 

51 

60. 

291 

52. 

032 

52 

6 0. 

291 

53. 

169 

53 

6 0. 

291 

54. 

307 

• 3 


« 

Li 

m 
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TEST  III-9 


K, SHAPE  s ,6750 
INPUT  ALPHA=  .200 


DISCRIMINATION  RATIO* 
INPUT  0-TA*  .20  0 


1.300 


; E(N) 

* 24.28009 

E (N)  MULTIPLIER  * 

2.  00 

TEST 

ACCENT 

REJECT 

TEST 

ACCEPT 

REJECT 

1 

6.933 

0.000 

46 

56.011 

46.792 

i|  ‘ ? 

8.075 

0.000 

47 

56.011 

47. 935 

| 3 

9.219 

0.000 

48 

56.011 

49.078 

4 

10.352 

0.000 

49 

56.011 

50.221 

5 

11.505 

0.000 

6 

12.548 

1.069 

7 

13.791 

2.212 

8 

14.935 

3.355 

9 

16.078 

4.498 

10 

17.271 

5.641 

11 

18.364 

6.734 

12 

19.507 

7.927 

13 

20.650 

9.07  0 

14 

21.793 

10.213 

15 

22.936 

11.356 

• 

16 

24.0*9 

12.499 

17 

25.272 

13.642 

18 

26.365 

14.785 

19 

27.508 

15.929 

20 

28.65? 

17.072 

21 

29.795 

18.215 

22 

30.938 

19.358 

• 

- ^3 

32.081 

”20.501  ~ 

24 

33.224 

21.644 

25 

34.367 

22.737 

• 

26 

35.510 

23.930 

27 

36.653 

25.073 

28 

37.796 

25.216 

29 

38.939 

27.359 

30 

40.032 

28.502 

31 

41.225 

29.645 

32 

42.358 

30.789 

33 

43.512 

31.932 

* 

34 

44.555 

33.075 

35 

45.793 

34.218 

• 

36 

46.941 

35.361 

37 

48.094 

36.504 

* * 

“ 

38 

49.227 

37.647 

* 

39 

50.370 

38.79  0 

• 

* 

40 

51.513 

39.933 

* 

41 

52.556 

41.076 

42 

53.799 

42.219 

43 

54.942 

43.362 

( 44 

56.011 

44.506 

45 

56.011 

45.649 

- 

I 
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■v:*-<r  v-  iv^c  Yt-ct  wtoi  n 


T 

W; 

* • 

• 

* 

• 

TEST  III-10 

I 

| 1; 

k, swaps 

= .7000 

DISCRIMINATION  RATIOS  1,500 

• 

INPUT  ALPHAS  .200 

INPUT  9”TAs  .20  0 

: 

E(N) 

s 22.64959 

E CM)  MULTIPLIER  s 2.00 

| ■ ' 

1 

TEST 

acce°t  ' 

REJECT  TEST  ACCEPT 

REJECT 

i 

1 

6.759 

0.000  46  52.836 

47.226 

• 

2 

7.907 

0.000 

i 

i 

3 

9.056 

0.  000 

• I 

? i 

4 

10.205 

0.000 

|i 

5 

11.353 

.133 

■ 

6 

12.502 

1.281 

7 

13.651 

2.430 

li 

S 

14.799 

3.579 

K l 

li 

9 

15.948 

4.727 

J 

10 

17.095 

5.876 

t I ' 

11 

18.245 

7.025 

> i 

12 

19.394 

8.173 

13 

20.542 

9.322 

i 

i 

14 

21.591 

10.47  0° 

15 

22.839 

11.619 

i 

16 

23.988 

12.768 

- 

* 

i 

17 

25.137 

13.916 

i 

18 

26.235 

15.055 

j.  i ’ 

19 

27.434 

15.214 

. 20 

28.583 

17.352 

# 

21 

29.731 

18.511 

1 | 

22 

30.880 

19.659 

i 1 

23 

32.028 

20.30  8 

* 

24 

33 .1 77 

21.95^ 

— 

' - j 

1 

25 

34.326 

23.105 

* 

26 

35.474 

24.254 

U 

27 

36.623 

25.40  2 

[•  ii 

. 28 

37.771 . 

26.551 

29 

38.920 

27.700 

* 

I 1 

30 

40.069 

28.848 

31 

41.217 

29.997 

■ 

32 

42.366 

31.146 

33 

43.515 

32.294 

34 

44.663 

33.443 

35 

45.812 

34.531 

* 

36 

46.960 

35.740 

37 

48.109 

35.88  9 

. 

- 

38 

49.258 

38.037 

* 

1 

39 

50.406 

39.136 

- * 

40 

51.555 

40.334 

- . * - 

■ ® 

• 

41 

52.704 

41.433 

* 

* * 

K I 

42 

52.836 

42,632 

- 

43 

52.836 

43.730 

- 

1 

44 

52.836 

44.929 

* 

I 

45 

52.836 

46.078 

- 
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TEST  III-ll 

KfSHAP 

5 = .7251 

DISCRIMINATION  RATI;)*  1,500 

INPUT 

ALPHA=  ,20  0 

INPUT  P^tas  ,20  0 

ECN) 

* 21.18266 

E(N>  MULTIPLIER  = 2.00 

TEST 

ACCEPT 

REJECT 

1 

6.597 

0.000 

2 

7.751 

0.000  • 

3 

8.905 

0.000 

4 

10.060 

0.000 

5 

11.214 

.328 

6 

12.368 

1.482 

7 

13.522 

2.636 

8 

14.6T6 

3.790 

9 

15.830 

4.945 

10 

16.985 

6.099 

11 

18.139 

7.253 

12 

19.293 

8.407 

13 

20.447 

9.561 

14 

21.601 

10.715 

15 

22.756 

11.370 

IV 

23.910 

13.024 

17 

25.064 

14.178 

18 

26.218 

15.332 

19 

23.3^2 

16.48  6 

20 

28.526 

17.640 

21 

29.681 

18.795 

22 

30.835 

19.949 

23 

31.939 

21.10  3 

24 

33.143 

22.257 

25 

. 34.297 

23.411 

26 

35.4«?i 

24.566 

27 

36.606 

25.720 

28 

37.760 

26.874 

29 

38.914 

28.028 

30 

40.068 

29.132 

31 

41.222 

30.336 

32 

42.376 

31.491 

33 

43.531 

32.645 

34 

44.685 

33.799 

35 

45.839 

34,953 

36 

46.993 

36.107 

37 

48.147 

37.251 

• 38 

49.301 

38.416 

39 

49.629 

39.570 

40 

49.629 

40.724 

41 

49.629 

41.878 

42 

49.629 

43.032 

43 

49.529 

44.186 

TEST  III-12 


K, SHAPE  s .7500 
INPUT  ALPHA*  ,200 
EtNI  * IP.  8577'+ 


DISCRIMINATION  RATIO*  : 
INPUT  BETA*  *20  0 
E(N>  MULTIPLIER  = 2.00 


TEST 

ACCEPT 

REJECT 

1 

6.447 

0.000 

2 

7.606 

0.000 

3 

8.766 

0.000 

4 

9.926 

0.000 

5 

11.0  36 

.512 

6 

12.245 

1.672 

7 

13.405 

2.931 

8 

14.565 

3.991 

9 

15. ’25 

5.  15 1 

10 

16.834 

6.311 

11 

18.044 

7.470 

12 

19.204 

8.630 

13 

20.384 

9.790 

1* 

21.523 

10.949 

19 

22.683 

12.109 

16 

23.843 

13.269 

17 

25.003 

14.429 

18 

26.182 

15.588 

19 

27.322 

16.748 

20 

28.482 

17.908 

21 

29.642 

19.068 

22 

30.801 

20.227 

23 

31.951 

21.337 

24 

33.121 

22.547 

25 

34.281 

23.707 

26 

35.440 

24.866 

27 

36.600 

26.026 

28 

37.760 

27.186 

29 

38.919 

23.346 

30 

40.0  79 

29.50  5 

31 

41.239 

30.665 

32 

42.399 

31.825 

33 

43.558 

32.935 

34 

44.718 

34.144 

35 

45.878 

35.304 

36 

46.390 

36.464 

37 

46.390 

37.62  4 

38 

46.390 

38.783 

39 

46.390 

39.943 

40 

46.390 

41.103 

238 
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TEST  I 11-13 


K,SMA*»S  * .9  000  DISCRIMINATION  PATIO*  1.500 

INPUT  ALPHA*  .200  INPUT  9“TA*  .200 

ECN)  * !▼.  *56535  E <N>  MULTIPLIER  * 2*00 


TEST 

ACCE°T 

REJECT 

1 

* 6.175 

0.090 

2 

7.346 

0.000 

3 

8.517 

0.000 

4 

9.688 

0.000 

5 

10.859 

• 850 

6 

12.030 

2.021 

7 

13.201 

3.192 

8 

14.3*2 

4.353 

9 

15.543 

5.534 

10 

16.7 

5.705 

11 

17.895 

7.876 

12 

19.056 

9.047 

13 

20 .227 

10.218 

14 

21.397 

11.389 

15 

22.563 

12.560 

16 

23.739 

13.731 

17 

24.910 

14.902 

18 

26.091 

15.073 

19 

27.252 

17.244 

20 

28.423 

18.414 

21 

29.594 

19.595 

22 

30.765 

20.756 

23 

31.936 

21.927 

24 

33.107 

23.098 

25 

34.278 

24.259 

26 

35.449 

25.440 

27 

36.620 

25.611 

28 

37.791 

27.782 

29 

38.962 

28.953 

30 

40.132 

30.124 

31 

41.303 

31.295 

32 

42.154 

32.466 

33 

42.154 

33.637 

34 

42.154 

34.80  8 

35 

42.154 

35.979 

36 

42.154 

37.149 

« 


TEST  111*14 


I 
• * 


K»  SHAPE  s .8*00  DISCRIMINATION  RATIO*  .1.500 

INPUT  AL®HA*  .200  INPUT  RrTA=  .20  0 

ECN)  * 1 e.  55935  E (N)  MULTI»LIEP  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5 .937 

0.000 

2 

7.120 

0.000 

3 

8.302 

0.000 

% 

9.484 

0.090 

5 

10.666 

1.156 

6 

11.849 

2.338 

7 

13.031 

3.520 

8 

14.213 

4.702 

5 

15.395 

5.995 

10 

16.577 

7.067 

11 

17.759 

8.249 

12 

18.942 

9.431 

13 

20.124 

10.513 

14 

21.306 

11.796 

15 

22.438 

12.978 

18 

23.670 

14.150 

17 

24.853 

15.342 

18 

26.075 

16.524 

19 

27.217 

17.707 

20 

28.399 

18.899 

21 

29.581 

20.071 

22 

30 .764 

21.253 

23 

31.946 

22.435 

24 

33.128 

23.618 

25 

34.310 

24.900 

26 

35.493 

25.992 

27 

36.675 

27,154 

28 

37.830 

28,346 

29 

37,830 

29,329 

30 

37.8  70 

30.711 

31 

37.830 

31,893 

32 

37.870  * 

33.075  ' ' 

TEST  I II-15 


KfSNAPS  * ,9  000  DISCRIMINATION  PATI3*  1,500 

INPUT  ALPHAS  ,20  0 INPUT  6"TAs  ,20  0 

ECN)  * 1 A.  95699  E <N>  MULTIPLIER  s 2.00 


TEST 

ACCEPT 

REJECT 

1 

5,778 

o.nOo 

2 

6,921 

0.000 

3 

8,115 

0.  000 

4 

9,308 

• 240 

5 

10.502 

1.434 

6 

11.695 

2.627 

7 

12.999 

3.821 

8 

14.082 

5.014 

9 

15.275 

6.208 

10 

16.469 

7.401 

11 

17.663 

9.595 

12 

18.867 

9.788 

13 

20.050 

10.982 

16 

21.244 

12.175 

15 

72.437 

13.369 

16 

73.631 

14.552 

17 

24.824 

15.756 

18 

25,018 

15.949 

19 

27.211 

18.143 

20 

28,495 

19.337 

21 

29.598 

20.530 

22 

30.792 

21.724 

23 

31.995 

22.917 

26 

33.179 

24.111 

25 

34.372 

25.304 

26 

34.612 

26,499 

27 

34.612 

27.691 

28 

34.612 

28.985 

29 

34.612 

30.079 

P*"! 

r~ * 

1 

. 

. 

TEST  III "16 

XJ  K*  SHAPE 

* .9*00 

DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .200 

INPUT  8-TA*  .20  0 

ECN) 

• 

* 17.59656 

E(N>  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

. 

1 

5.541 

0.000 

2 

6.746 

0.000 

3 

7.951 

0.000 

j 

4 • 

9.156 

• 483 

5 

10.351 

1.689 

6 

11.556 

2.893 

7 

12.771 

4.098 

8 

13.9T6 

5.303 

9 

15.191 

6.508 

10 

16.396 

7.713 

11 

17.591 

8.918 

12 

18.796 

10.123 

13 

20.001 

11.328 

14 

21.206 

12.533 

* 

15 

22.410 

13.737 

18 

73.815 

14.9421 

17 

24.970 

16.147 

• 

18 

26.0  25 

17.352 

19 

27.230 

18.557 

20 

28.435 

19.752 

21 

29 .640 

20.967 

.1 

22 

30.845 

22.172 

■v 

23 

31.328 

23.377 

• 

24 

31.328 

24.592 

1 

25 

31.328 

25.787 

28 

31 .328 

26.992 

> 

' 

- 

% 

• 

« 

' 

• 

% 

i 

c 

• 

• 

1 

v_ 
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TEST  III-17 


K,SHAPE  *1.0ftno 

DISCRIMINATION  RATIO 

INPUT 

ALPHA*  ,200 

INPUT  9"T A*  .20  0 

E(N) 

* 11.53135 

E(N>  MULTIPLIER  * 2 

TEST 

ACCE°T 

REJECT 

1 

5.375 

0.000 

2 

6.592 

0.  000 

3 

7.808 

0.000 

4 

9.024 

.707 

5 

10.241 

1.923 

6 

11.457 

3.139 

7 

12.674 

4.356 

8 

13.890 

5.572  * 

9 

15.106 

5.789 

10 

16.323 

8.005 

11 

17.539 

9.221 

12 

18.756 

10.438 

13 

19.9*2 

11.654 

Ik 

21.158 

12.571 

15 

22.405 

14.087 

16 

23.621 

15.303 

17 

24.938 

. 16.520 

18 

26.054 

17.736 

19 

27.270 

18.953 

20 

28.497 

20.169 

21 

29.193 

21.38  5 

22 

29.193 

22.60  2 

23  ' 

‘ ~ 29  .193  • ‘ 

23.818  

24 

29.193 

25.035 

il 
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TEST  III-18 


G 


K.SHAP 

' *1.1000 

INPUT 

ALPHA*  .200 

E(N) 

* 9.55073 

« 

TEST 

ACCEPT 

1 

5.092 

2 

6.332 

3 

7.5T1 

4 

6.611 

5 

10.050 

6 

11.290 

7 

12.529 

8 

13.759 

9 

15.008 

10 

16.243 

11 

17.438 

12 

18.727 

13 

19.957 

14 

21.206 

15 

22.446 

16 

23.585 

17 

24.791 

16 

24.791 

19 

24.791 

20 

24.791 

DISCRIMINATION  PATIO*  1.600 
INPUT  9rT A*  .20  0 
E (N)  MULTIPLIER  * 2.00 


REJECT 
0.  000 
0.  000 
0.000 
1.105 
2.345 
3.504 
4.824 
5.084 
7.303 
8.543 
. 9.782 
11.022 
12.261 
13.501 
14,740 
15.930 
17.219 
18.459 
19.698 
20.938 
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R Pump 


TEST  ITI-19 


Kj  SHAPE 

*1.2000 

DISCRIMINATION  RATIO 

IN°UT  ALPHA*  .200 

INPUT  9rTft-  ,?(j(j 

E(N) 

* 0.21129 

E CM)  MULTIPLIER  - 2 

TEST 

ACCEPT 

REJECT 

1 

4.851 

0.000 

2 

6.124 

0.000 

3 

7,387 

• 190 

4 

8.650 

1.453 

5 

9.913 

2.716 

6 

11.176 

3.979 

7 

12.439 

5.242 

8 

13.702 

6.505 

9 

14.955 

7.75  9 

10 

16.229 

9.031 

11 

17.491 

10.294 

12 

19.753 

11.557 

13 

20.016 

12.920 

14 

21,279 

14.09  3 

15 

21.470 

15.345 

16 

21.470 

16.609 

17 

21.470 

17.971 

\ 

I 

v 


K, SHAPE  *1.  3 00  0 
INPUT  ALPHA*  .200 
E(N)  * 7.06400 


TEST  1 11-20 

DISCRIMINATION  RATIO*  1.500 
INPUT  9”TA*  .20  0 

E (N)  MULTIPLIER  * 2.00 


TEST 

ACCcdt 

REJECT 

1 

4.670 

0.000 

2 

5.957 

0.000 

3 

7.244 

• 476 

4 

8.530 

1.763 

5 

9.817 

3.049 

6 

11.103 

4.336 

7 

12.390 

5.622 

8 

13.677 

6.909 

9 

14.943 

8.196 

10  . 

16.250 

9.482 

11  . 

17.536 

10.769 

12 

16.623 

12.055 

13 

19.299 

13.342 

14 

19.299 

14.629 

15 

19.299 

15.915 

245 

K,SHAP*  *t.umr» 
INPUT  ALPHA®  .200 


E(N) 


6.  18391 


TEST  I II -21 

0 ISC  PI  MT  NATION  P.ATIOs  1.500 

INPUT  5'TAs  ,?0  0 

S(N>  MULTIPLIER  = 2.00 


TEST 

ACCEPT 

REJECT 

’ 1 

4.511 

0.000 

2 

5.822 

0.  000 

3 

7.132 

.731 

4 

8.443 

2.042 

5 

9.753 

3.352 

6 

11.064 

4.653 

7 

12.374 

5.973 

8 

13.635 

7.284 

9 

14.995 

8.594 

10 

16.306 

9.905 

11 

17.0  37 

11.215 

12 

17.037 

12.526 

13 

• 17.0  37 

13.836 

K*SHAPc  si. 5001 
INPUT  ALPHAS  .200 


E(N) 


TEST 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


5.45325 


ACCE®T 
4.377 
5.712 
7.047 
8.331 
9 .716 
11.051 
12.385 
13.720  • 
14.632 
14.682 
14.632 


• TEST  1 11-22 

DISCRIMINATION  PATIOs  1.500 

INPUT  P£TAs  .20  0 

E(N)  MULTIPLIER  = 2.10 


REJECT 
0.000 
0.000 
• 962 
2.297 
3.631 
4.966 
6.301 
7.636 
8.970 
10.305 
11.640 
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TEST  1 11-23 


K»SHA P-  *1.5  000  0 ISCRI HIM  AT 10 M RATIO*  1.500 

INPUT  ALPHA*  .200  INPUT  p-TA*  .20  0 

E(N)  * 4.85154  E<NI  MULTIPLIER  * 2.00 


TEST 

1 

2 

3 

A 

5 

6 
7 
6 
9 

10 


ACCEPT 

4.254 

5.623 

6.992 

8.341 

9.700 

11.060 

12.419 

13.592 

13.592 

13.592 


REJECT 
0.  000 
0.000 
1.173 
2.532 
3.892 
5.251 
6.610 
7.969 
9.328 
10.688 


TEST  I II -24 


K* SHAPE  *1.7  000  OTSCRIMINATIOM  RATIO* 

INPUT  ALPHA*  .200  INPUT  BETA*  .200 
E(N)  * 4.34978  E (M)  MULTIPLIER  * 2.00 


1.500 


TEST 

1 

2 

3 


ACCEPT 

4.167 

5.551 

6.935 

8.319 

9.703 

11.087 

12.495 

12.455 

12.455 


REJECT 
0.000 
0.000 
1.368 
2.75? 
4.  136 
5.520 
' 5.90V 
8.288 
9.672 


I 

5- 


TEST  III-25 


K, SHAPE  =1.8  Ml 

DISCRIMINATION  PATIO*  1.500 

IN°UT 

AL°HA=  .200 

INPUT  9--TA  = .20  0 

E(N> 

= 3, 32672 

E (N)  MULTIPLIER  = 2.00 

TEST 

ACCEPT 

REJECT 

1 

4.085 

0.000 

2 

' 5.434 

• 142 

3 

6.903 

1.551 

4 

6.312 

2.959 

5 

9.721 

4.358 

6 

11.130 

5.77’ 

7 ■ 

11.271 

7.186 

8 

11.271 

8.595 

KfSHfcP 

INPUT 

E(N) 

E =1.9003 
flLPHA=  .200 
= 3.56550 

TEST  1 11-25 

DISCRIMINATION  RATIO*  1.500 

INPUT  BETA*  .20  0 

E(N)  MULTIPLIER  = 2.00 

TEST 

ACCENT 

REJECT 

1 

4.015 

0.  000 

2 

5.449 

.288 

3 

6.883 

1.722 

4 

8.317 

3.156 

5 

9.752 

4.590 

6 

11.135 

5.024 

7 

11.473 

7.458 

8 

11.4*3 

8.893 
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TEST  III-27 


K,SHAP 

E *2.  BOAT 

DISCRIMINATION  RATIO 

IN»UT 

Al®MA*  .200 

IN®UT  BITa«  .20  0* 

ECM) 

* 3*  25749 

E CM)  multiplier  * .2 

TEST 

ACC?** 

REJECT 

. 1 

3*955 

8*000 

' 2 

5*415 

• 424 

3 

6*974 

1*894 

4 

8*334 

3*343 

5 

9*T94 

4*803 

6 

10.218 

5.253 

7 

10*219 

7.722 

TEST  I 11-29 


: 

< 


> 

! 


i 


KfSHAPE 

= 2.1000 

DISCRIMINATION  PATIO=  1.500 

INPUT  ALPHA=  .200 

INPUT  B“TA=  a 20  0 

E(N) 

= 2.98920 

E (N)  MULTIPLIER  = 2.00 

TEST 

ACCEPT 

REJECT 

1 

3.904 

0.  000 

2 

5.399 

.552 

3 

6.975 

2.038 

4 

8. 760 

3.523 

- 5 

8*913 

5.009 

6 

8*913 

6*494 

TEST  1 11-29 

K,  SHAPE 

= 2.200  0 

DISCRIMINATION  RATIO*  1.500 

INPUT  AL®HA=  .200 

INPUT  BETA*  .20  0 

E(N) 

* 2.75561 

E <N>  MULTIPLIER  * 2*00 

• 

TEST 

ACCE°T 

REJECT 

1 

3*860 

0.000 

2 

5.37? 

• 674 

3 

6*883 

2*185 

4 

8*395 

3*697 

5 

9.069 

5.208 

6 

9*069 

6.720 

( 
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c 


it 

i 

1 


7“  < ■ > • MW  t 


TEST  III-30 


K,  SHAPE 

*2,3  000 

DISCRIMINATION  RATIO*  • 1.500 

INPUT  ALPHA*  .200 

INPUT  BETA*  .20  0 

E(N) 

* 2.  55059 

E(N)  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

1 

3.824 

0.000 

. 2 

5.361 

.790 

3 

6.899 

2.327 

4 

8.437 

3.865 

5 

9.226  ‘ 

5.403 

6 

9.226 

6.940 

TEST  III-31 

p 

K,SHAPE  *2,4000  DISCRIMINATION  PATIO*  1,500 

! INPUT  ALPHA*  ,200  INPUT  BETA*  ,20  0 

E(M>  * 2,  36960  €<N>  MULTIPLIER  * 2,00 


i TEST 

ACCEPT 

REJECT 

i 1 

3.793 

0.000 

2 

5.357 

.900 

3 

5.921 

2.464 

i * 

7,821 

4.029 

5 

7.821 

5.593 

TEST  I II -3 2 

K* SHAPE  *2.5000  DISCRIMINATION  RATIO*  1.500 

IN®UT  ALPHA*  .200  INPUT  BETA*  .20  0 

E(N)  * 2.20894  E CM > MULTIPLIER  *2.00 


TEST 

1 

2 * 

3 

4 

5 


ACCEPT 

3.767 

5.356 

6.949 

7.955 

7.955 


REJECT 

0.000 

1.006 

2.597 

4.186 

5.779 


250 


i 

i 


TEST  I 11-33 


K, SHAPE  *2.8  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA=  .200  INPUT  PET As  ,200 

ECN)  * 1.  52157  ECN)  MULTIPLIER  s ?,  00 


TEST 

1 

2 

3 

4 


ACCE°T  REJECT 
3.715  0.000 

5.338  1.303 

6.591  2. 976 

6.691  4.649 


TEST  III-34 


K»SHA  P 

E S3.0  000 

DISCRIMINATION  PATIO 

INPUT 

ALPHA=  .200 

INPUT  9“TAs  ,20  0 

ECN) 

s 1.52237 

ECN)  MULTIPLIER  = 2 

TEST 

ACCEPT 

REJECT 

1 

3.899 

0.000 

2 

5.427 

1.497 

3 

6.914 

3.216 

W 

6.914 

4.944 

TEST  I 11-35 


K»SHA  P 

E *3.3000 

DISCRIMINATION  PATIO 

INPUT 

ALPHA*  .200 

INPUT  9rTA=  .20  0 

ECN) 

* 1.38538 

ECN)  MULTIPLIER  * 2 

TEST 

ACCEPT 

REJECT 

1 

3.693 

0.000 

2 

5.442 

1.749 

3 

5.442 

3.552 

251 


ij 

*; 

\ ( 

i 

TEST  I II -35 

i 

t 

* 

K, SHAPE  *3.6000 
IN<*UT  ALPHA*  .200 
E(N)  * 1.20201 

DISCRIMINATION  RATIO*  1.500 
INPUT  BET  A*  .20  0 
E (N)  MULTIPLIER  * 2.00 

| ;i 

i 

1 

• 

TEST  ACCEPT 

1 3.707 

2 5.509 

REJECT 
• 096 
1.997 

1 ■ l 

3 5.7  04 

3.898 

! 


i 


TEST  III-3T 

K*SHA  P"  *3.9  flOO  DISCRIMINATION  RATIO*  1,500 

INPUT  ALPHA*  .200  INPUT  PITA*  .20  0 

CCN)  * 1.  05697  E (N)  MULTIPLIER  * 2.00 


! 

! 

i 

i 

i 


TEST  ACCEPT 

1 3.736 

2 5..727 

3 5.973 


REJECT 

.246 

2.236 

<*.227 


t 

TEST  ITI-38 

K*  SHAPE  *<*.3000  DISCRIMINATION  RATIO*  1.500 

INPUT  AL»HA=  .200  INPUT  PITA*  .20  0 

E(N>  * .90567  E (N)  MULTIPLIER  * 2.00 


TEST  ACCEPT  REJECT 

1 3.793  .433 

2 4.226  2.546 
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TEST  1 11-39 


K,SHA PE  *4.5  000  DISCETMTNATTON  RATIO*  1.900 

INPUT  ALDHA=  .200  INPUT  BETA*  .20  0 

ECN)  * .01546  E(N)  MULTIPLIER  * 2.00 


TEST  ACCE®T  REJECT 

1 3.847  ,567 

2 4.414  2.774 


TEST  I II -40 

KfSHA PE  *5.7000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .200  INPUT  BETA*  .200 

E(N)  * -.58979  E(N)  MULTIPLIER  = 2.00 


TEST  ACCENT  REJECT 

1 4.104  1.027 

2 5.131  3.592 


ACCELEPATEO  TEST  W/O  REPLACEMENT 
INPUT  ALPHA*  .300  INPUT  BETA*  .300 
MULTIPLICATION  FACTOR*  1.50  NMAX*  5000 


K 

ALPHA 

BETA 

N(  0) 

NCI) 

TCO) 

TCI) 

• 50 

• 333 

.272 

16.34 

17,79 

5.147 

4.709 

• 52 

• 334 

• 290 

15,39 

16.55 

4,713 

4.362 

• 54 

• 335 

• 285 

14.  28 

15.37 

4,317 

3.919 

• 56 

• 337 

• 287 

13,48 

14,63 

3.865 

3.574 

• 56 

• 348 

• 278 

12.49 

13.46 

3.675 

3.274 

• 60 

• 346 

• 273 

11,75 

13.01 

3.434 

3.179 

• 63 

• 343 

• 269 

11.22 

12,17 

3.229 

2.797 

• 65 

• 339 

.272 

10.20 

11*06 

3.080 

2.671 

• 68 

• 346 

• 270 

9*58 

10.45 

2.865 

2.492 

.70 

.353 

• 261 

8.95 

9.87 

2.691 

2.310 

.•73 

• 352 

• 267 

. 8.42 

9.33 

2.639 

2.298 

.75 

• 349 

• 252 

8,22 

9.18 

2.428 

2.119 

• 80 

• 350 

• 257 

7,19 

7,95 

2.343 

1.952 

• 85 

• 340 

• 255 

6.53 

7,24 

2.189 

1.778 

• 90 

• 344 

• 259 

5.95 

6.54 

2.070 

1.659 

• 95 

• 352 

.265 

5.33 

6.02 

1.963 

1.623 

1.00 

• 354 

• 242 

5,17 

5.78 

1.858 

1.462 

1.10 

• 358 

• 242 

4.22 

4,71 

1.785 

1.421 

1*20 

• 342 

• 224 

4.  00 

4.46 

1.661 

1.275 

1*30 

.339 

.231 

. 3,41 

3.84 

1.583 

1.  220 

1*40 

• 361 

. 225 

2.  89 

3,29 

1.499 

1.206 

1.50 

• 347 

• 221 

2.81 

3,17 

1.454 

1.133 

1*60 

.374 

.207 

2.32 

2.62 

1.378 

1.120 

1*70 

• 349 

• 211 

2,28 

2*56 

1.370 

1.092 

1.80 

• 352 

• 203 

2.24 

2,55 

1.343 

1.075 

1.90 

• 333 

• 202 

2.18 

2.48 

1.333 

1.037 

2.00 

• 368 

.207 

1.73 

1,95 

1.265 

1.073 

2*10 

• 368 

• 200 

1.71 

1.94 

1.254 

1.066 

2.20 

• 358 

• 203 

1.66 

1,88 

1.229 

1.031 

2.30 

• 361 

• 184 

1.64 

1*82 

1.216 

.980 

2.40 

• 340 

• 184 

1.59 

1,76 

1.194 

• 955 

2.50 

• 360 

• 168 

1,56 

1.71 

1.168 

• 921 

2.80 

.315  . 

• 150 

1*  48 

1.60 

1.165 

• 885 

3.00 

• 398 

• 179 

1.00 

1,00 

1.068 

• 863 

3*30 

• 379 

• 163 

1.0C 

1,00 

1.083 

• 874 

3.60 

• 353 

• 152 

1.00 

1.00 

1.094 

.877 

3*90 

• 336 

• 139 

1.00 

1,00 

1.103 

• 896 

4.30 

• 309 

• 127 

1.  oc 

1.00 

1.114 

• 896 

4.60 

• 290 

• 108 

1.0C- 

1.00 

1.121 

• 904 

5.70 

• 223 

• 076 

1.00 

1.00 

1.140 

• 920 

ACCFL^RATTH  TPST  W/0  PSOLACrMENT 
INPUT  ALPHA*  .300  INPUT  ,30  0 

HULTI PLICATION  PACT09*  2.00  NMAX*  5000 


K 

ALPHA 

8ETA 

• 

N(0) 

N(l) 

TCO) 

T(1 ) 

• 90 

• 318 

• 276 

18.24 

19.85 

3.831 

3.634 

.52 

• 326 

.273 

17,14 

18.78 

3.548 

3.476 

• 59 

• 332 

• 272 

15.90 

17.13 

3.198 

2.912 

• 56 

• 327 

• 260 

15.00 

16.09 

2.956 

2.641 

• 58 

• 330 

• 259 

14.16 

15.  42 

2.838 

2.502 

•60 

• 325 

• 255 

13.39 

14.49 

2.784 

2.427 

• 63 

• 339  - 

• 260 

17.39 

13.28 

2.604 

2.20  5 

• 65 

• 317 

• 251 

11.88 

12.68 

2.477 

2.040 

• 68 

• 333 

• 290 

10.96 

11.  34 

2,384 

1.938 

.70 

• 317 

• 249 

10.10 

11.  32 

2.180 

1.  388 

.73 

• 337 

.247 

9.72 

10.60 

2.121 

1.708 

.75 

• 327 

• 240 

9.19 

10.11 

2.0641 

1.655 

.80 

• 325 

.254 

8.22 

9.  16 

1.947 

1.588 

• 85 

• 326 

• 254 

7.24 

8.12 

1.878 

1.510 

• 90 

• 329 

• 221 

6.72 

7.49 

1.812 

1.394 

• 95 

• 328 

• 236 

6.26 

6,94 

1.750 

1.367 

1*00 

• 338 

.226 

5.72 

6.  35 

1.690 

1.285 

1.10 

• 335 

.222 

4.80 

5.44 

1.652 

1.267 

1.20 

• 354 

• 213 

4.27 

4.79 

1.574 

1.167 

1.30 

• 342 

.217 

3.74 

4.  22 

1.530 

1.161 

1.40 

• 330 

• 206 

3.51 

3,94 

1.433 

1.034 

1.50 

• 340 

.190 

3.15 

3.54 

1.435 

1.048 

1.60 

• 344 

• 220 

2.73 

3.  06 

1.410 

1.089 

1*70 

• 337 

• 184 

2.63 

2.98 

1.J72 

1.022 

1.80 

• 321 

• 184 

2.54 

2.  88 

1.343 

• 988 

1.90 

• 331 

• 197 

2.19 

2.49 

1.326 

1.048 

2.00 

• 330 

• 182 

2.15 

2.46 

1.114 

1.025 

2.10 

• 321 

.171 

2.11 

2.41 

1.302 

.993 

2.20 

• 324 

• 166 

2.02 

2.30 

1.260 

• 950 

2.30 

• 319 

.155 

1.93 

2.  20 

1.225 

.909 

2.40 

• 353 

• 160 

1.60 

1.77 

1.193 

.944 

2*50 

• 348 

• 169 

1.55 

1.73 

1.178 

• 934 

2.80 

' ,3*7 

• 136 

1.49 

1.61 

1.162 

.881 

3.00 

• 331 

• 120 

1.44 

1.55 

1.144 

• 859 

3,30 

• 309 

• 109 

1.39 

1.46 

1.  137 

• 834 

3,60 

• 340 

• 158 

1.00 

1.00 

1.097 

• 886 

3.90 

• 333 

• 138 

1.00 

1.  00 

1.  105 

• 889 

4,30 

• 306 

• 126 

1.00 

1.0.0 

1.115 

.897 

4.60 

.290  * 

• 113 

1.00 

1.  00 

1.121 

• 903 

5.70 

• 225 

.075 

1.00 

1.  00 

1.138 

.923 

- 

3 
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ACCELERATED  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE*  1000 
INPUT  ALPHA*  .300  INPUT  BETA*  .300 
MULTIPLICATION  FACTOR*  2.00  NSTANO=  1 


K 

ALPHA 

BETA 

N ( 0) 

N (1 ) 

T ( 0) 

TCI) 

• 50 

• 295 

.250 

18.50 

19.54 

56.722 

38.506 

• 52 

• 320 

.283 

16.79 

18.06 

47.520 

34.510 

• 5% 

• 326 

• 280 

15.95 

17.63 

41.955 

31.355 

• 56 

• 331 

.283 

15.07 

16.43 

37.088 

27.852 

• 56 

• 345 

.253 

14.39 

15 .5  0 

33.399 

24.489 

• 60 

.332 

.282 

13.46 

14.01 

30.165 

21.693 

• 63 

.316 

.266 

12.24 

13.56 

26.541 

19.432 

• 65 

• 368 

.253 

11.80 

12.64 

23.224 

17.356 

• 66 

.335 

.264 

10.95 

11.78 

21.637 

15.517 

.70 

.275' 

.263 

9.90 

11.15 

19 . 8 35 

14.254 

.73 

• 309 

.230 

9.55 

10.60 

17.658 

12.786 

.75 

• 318 

.267 

9.20 

9.99 

16.590 

11.972 

• 60 

• 326 

.240 

8.30 

9.09 

14.066 

10.218 

.05 

• 334 

.265 

7.52 

8.29 

12.324 

9.110 

.90 

.329 

.239 

6.65 

7.47 

10.468 

7.868 

*95 

.345 

.214 

6.32 

6.82 

9.531 

6.873 

1.00 

• 332 

.238 

5.83 

6.23 

8.708 

6.279 

1.10 

• 328 

.225 

4.82 

5.37 

6.973 

5.154 

1.20 

.318 

.205 

4.29 

4.82 

6.096 

4.494 

1.30 

• 329 

.239 

3.76 

4.20 

5.278 

3.946 

1.40 

• 310 

.209 

3.47 

3.98 

4.833 

3.626 

1.50 

• 330 

.198 

3.11 

3.60 

4.235 

3.265 

1.60 

• 337 

.200 

2.72 

3.04 

3.665 

2.697 

1.70 

.352 

.177 

2.67 

3.01 

3.542 

2.671 

1.80 

• 350 

.188 

2.58 

2.93 

3.384 

2.613 

1.90 

.352 

.193 

2.19 

2.48 

2.891 

2.206 

2.00 

• 341 

.183 

2.15 

2.46 

2.839 

2.173 

2.10 

.344 

.171 

2.11 

2.43 

2.770 

2.140 

2.20 

.302 

.185 

1.99 

2.32 

2.680 

2.088 

2.30 

.325 

.168 

1.96 

2.23 

2.594 

1.982 

2.40 

.333 

.173 

1.60 

1.76 

2.156 

1.558 

2.50 

• .363 

.159 

1.57 

1.73 

2.067 

1.514 

2.80 

.341 

.133 

1.49 

1.59 

1.985 

1.408 

3.00 

.322 

.132 

1.45 

1.52 

1.953 

1.362 

3.30 

.299 

.124 

1.39 

1.46 

1.866 

1.322 

3.60 

• 367 

.145 

1.00 

1.00 

1.348 

.908 

3.90  • 

• 365 

.144 

1.00 

1.90 

1.340 

• 901 

4.30 

.307 

.116 

1.00 

1.00 

1.374 

.919 

4.60 

• 301 

.106 

1.00 

1.00 

1.372 

.917 

5,70 

.205 

.079 

1.00 

1.00 

1.407 

.923 

257 


ACCELERATED  TESTS  WITH  REPLACEMENT 
HONTE  CARLC  SIZE  * 1900 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  2 


K 

ALPHA 

3ETA 

N ( 0 ) 

NCI) 

TCO) 

TCI) 

• 50 

• 305 

.254 

18.18 

19.57 

24.700 

17.600 

• 52 

• 324 

.296 

17.12 

18.C7 

21.222 

15.943 

.5* 

.325 

.275 

15.94 

17.8  0 

18.763 

14.531 

• 56 

• 333 

.260 

15.12 

16.35 

16.819 

12.604 

.58 

.335 

.245 

13.73 

15.24 

14.841 

11.000 

• 60 

.317 

.281 

13.04 

14.18 

13.528 

10.118 

• 63 

.325 

.222 

12.57 

13.33 

12.451 

8.635 

• 65 

• 328 

.239 

11.66 

13.05 

11.003 

8.308 

• 68 

.310 

.302 

10.54 

12.29 

9.779 

8.006 

.70 

.336 

• 243 

10.12 

10.98 

8.959 

6.533 

.73 

.328 

• 260 

9.82 

10.76 

8.525 

6.391 

.75 

• 326 

.249 

9.15 

9.96 

7.725 

5.703 

• 80 

.313 

.246 

8.23 

9.04 

6.809 

4.966 

• 85 

.329 

.219 

7.19 

8.09 

5.714 

4.186 

.90 

.337 

.242 

6.66 

7.42 

5.125 

3.823 

.95 

.342 

.233 

6.25 

6.77 

4.714 

3.436 

1.00 

.300 

.239 

5.59 

6.37 

4.307 

3.216 

1.10 

.340 

.236 

4. SO 

5.41 

3.524 

2.671 

1.20 

.362 

.215 

4.39 

4.77 

3.185 

2.300 

1.30 

.340 

.223 

3.71 

4.16 

2.731 

2.010 

1.40 

.342 

.225 

3.55 

3.96 

2.596 

1.941 

1.50 

.351 

• 210 

3.16 

3.57 

2.343 

1.725 

1.60 

.366 

.197 

2.75 

3.11 

2.047 

1.513 

1.70 

.320 

.166 

2.59 

3.00 

2.013 

1.442 

1.80 

.306 

.179 

2.55 

2.94 

2.000 

1.459 

1.90 

.352 

.207 

2.19 

2.52 

1.728 

1.283 

2.00 

.345 

.196 

2.20 

2.45 

1.742 

1.242 

2.10 

.323 

.213 

2.11 

2.42 

1.710 

1.265 

2.20 

• 306 

.172 

2.04 

2.31 

1.700 

1.183 

2.30 

• 323 

.140 

2.00 

2.21 

1.640 

1.123 

2.40 

.329 

.161 

1.58 

1.73 

1.383 

.937 

2.50 

.349 

.155 

1.57 

1.72 

1.362 

.918 

2.80 

.317 

.142 

1.47 

1.60 

1.325 

.879 

3.00 

• 311 

• 141 

1.42 

1.51 

1.312 

.847 

3.30 

• 309 

.126 

1.36 

1.44 

1.294 

.836 

3.60 

.367 

.150 

1.00 

1.00 

1.119 

.750 

3.90 

.323 

.127 

1.00 

1.00 

1.146 

.757 

4.30 

.308 

.114 

1.00- 

1.00 

1.161 

.772 

4.60 

.275 

.098 

1.00 

1.00 

1.189 

.784 

5.70 

• 212 

.076 

1.00 

1.00 

1.234 

.818 
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ACCEL  ERA  TEO  TESTS  KITH  REPLACEMENT 
MOMTE  CARLO  SITE  * 1000 

INPUT  ALPHA*  .300  INPUT  BETA*  .30  0 
MULTIPLICATION  FACTOR*  2.00  NSTAND*  3 


K 

ALPHA 

BETA 

N (0) 

N(  1) 

T ( 0) 

T(l) 

• 51 

• 303 

.254 

18.11 

20.  00 

14.874 

11.085 

• 52 

.329 

• 295 

17.13 

18.39 

12.879 

9.932 

• 5% 

.328 

• 265 

15.81 

17.55 

11.286 

8.818 

• 56 

.334 

• 257 

14.55 

16.13 

9.922 

7.648 

• 58 

• 326 

• 256 

14.39 

15.  14 

9.408 

6.925 

•60 

• 308 

• 259 

13.12 

14.  27 

8.502 

6.242 

• 63 

.345 

• 248 

12.40 

13.  31 

7.416 

5.582 

• 65 

.324 

• .281 

11.91 

12.  71 

7.039 

5.363 

• 68 

• 308 

.242 

10.92 

11.91 

6.388 

4.  661 

.70 

• 322 

• 243 

10.27 

11.45 

5.826 

4.375 

• 73 

.319 

• 242 

9.80 

10.  81 

5.380 

4.050 

.75 

.303 

c 244 

9.29 

9.99 

5.109 

3.682 

• 80 

. 352 

• 234 

9.48 

9.15 

4.327 

3.239 

• 85 

.343 

.257 

7.45 

8.  09 

3.798 

2.831 

• 90 

.320 

.252 

6.57 

7.69 

3.464 

2.648 

.95 

.323 

• 210 

6.23 

6.  99 

3.143 

2.298 

1*00 

.346 

.220 

5.76 

6.42 

2.841 

2.134 

1.10 

.333 

• 228 

4.67 

5.  46 

2.388 

1.811 

1.20 

.351 

• 202 

4.29 

4.  89 

2.  141 

1.611 

1*30 

.323 

• 214 

3.70 

4.25 

1.901 

1.421 

1.40 

.339 

.195 

3.59 

4.  00 

1.870 

1.337 

1.50 

• 325 

• 216 

3.13 

3.60 

1.695 

1.267 

1*60 

.343 

.199 

2.70 

3.  08 

1.497 

1.083 

1*70 

• 316 

.176 

2.65 

3.  00 

1.512 

1.072 

1*80 

.317 

• 163 

2.50 

2.  88 

1.459 

1.021 

1.90 

.344 

• 209 

2.20 

2.51 

1.325 

.957 

2.00 

.325 

.176 

2.13 

2.45 

1.329 

.937 

2.10* 

• 295 

• 197 

2.07 

2.39 

1.318 

.937 

2.20 

• 330 

• 168 

2.0  4 

2.  29 

1.294 

.902 

2.30 

.292 

• 165 

1.96 

2.  24 

1.300 

• 890 

2*40 

.345 

• 165 

1.62 

1.74 

1.147 

.753 

2.50 

• 340 

• 165 

1.55 

1.70 

1.117 

• 743 

2.80 

.356 

.137 

1.49 

1.60 

1.098 

.727 

3*00 

.333 

• 122 

1.44 

1.53 

1.117 

.718 

3.30 

.302 

• 106 

1.38 

1.48 

1.  114 

.734 

3*60 

.385 

• 183 

1.00 

1.  00 

.987 

• 678 

3.90 

• 321 

• 131 

1.00 

U 00 

1.042 

.679 

4.30 

.307 

• 139 

1.00 

1.  00 

1.053 

.714 

4.60 

.278 

• 115 

1.00 

1.  00 

1.090 

.714 

5.70 

• 226 

• 086 

1.00 

1.00 

1*146 

• 765 

ACCELERATE!)  TESTS  WITH  REPLACEMENT 
MONTE  CARLO  SIZE  * 1000 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 
MULTIPLICATION  FACTOR*  2.00  NSTANO*  5 


K 

ALPHA 

BETA 

N ( 0 ) 

N(l> 

T ( 0) 

TCI) 

.50 

.299 

.254 

18.12 

19.76 

7.595 

5.699 

• 52 

.328 

.278 

17.32 

10.10 

6.764 

5.033 

.54 

• 296 

.273 

15.74 

17.52 

5.980 

4.697 

.56 

.326 

• 260 

15.44 

16.21 

5.528 

4.100 

• 58 

.325 

.277 

14.22 

14.96 

4.995 

3.722 

• 6Q 

• 309 

.226 

13.82 

14.44 

4.755 

3.328 

.63 

.327 

.296 

12.51 

13.80 

4.134 

3.291 

.65 

.324 

.255 

11.67 

12.77 

3.764 

2.860 

• 68 

.332 

.262 

10.74 

11.82 

3.339 

2.616 

.70 

• 339 

.259 

10.37 

11.30 

3.146 

2.436 

.73 

.343 

.254 

9.69 

10.55 

2.907 

2.215 

.75 

.343 

.251 

9.16 

10.12 

2.745 

2.093 

• 80 

.315 

.238 

8.13 

9.26 

2.449 

1.869 

• 85 

• 340 

.230 

7.28 

7.08 

2.153 

1.556 

.90 

.323 

.227 

6.85 

7.65 

2.039 

1.517 

.95 

.308 

• 236 

6.19 

6.91 

1 . 860 

1.375 

1.00 

.322 

.231 

5.62 

6.39 

1.694 

1.278 

1.10 

.345 

• 200 

4.87 

5.52 

1.490 

1.114 

1.20 

• 338 

.243 

4.26  . 

4.76 

1.354 

1.013 

1.30 

.329 

.221 

3.75 

4.26 

1.259 

.926 

1.40 

.322 

.209 

3.43 

4.04 

1.219 

.896 

1.50 

.321 

.168 

3.12 

3.51 

1.146 

.793 

1.60 

.340 

.192 

2.71 

3.10 

1.034 

.751 

1.70 

.319 

.193 

2.66 

2.91 

1.077 

.733 

1.80 

.328 

.199 

2.53 

2.92 

1.045 

.757 

1.90 

.339 

.189 

2.21 

2.50 

.979 

.690 

2.00 

• 305 

.171 

2.13 

2.47 

1.001 

.693 

2.10 

.320 

.161 

2.12 

2.41 

1.007 

.686 

2.20 

• 282 

.166 

1.99 

2.31 

1.009 

.690 

2.30 

.325 

.147 

1.93 

2.21 

.976 

.660 

2.40 

• 354 

.169 

1.58 

1.75 

• 885 

.593 

2.50 

.360 

• 159 

1.55 

1.72 

.874 

.593 

2.60 

.330 

.144 

1.48 

1.59 

.917 

.593 

3.00 

.320 

• 130 

1.42 

1.54 

.913 

.609 

3.30 

.296 

.106 

1.37 

1.48 

.950 

.618 

3.60 

• 362 

.134 

1.00 

1.03 

.863 

.568 

3.90 

• 328 

.158 

1.00 

1.00 

.898 

.606 

4.30 

.325 

• 108 

1.00 

1.00 

.935 

.632 

4.60 

.265 

.100 

1.00 

1.00 

.966 

.641 

5.70 

.203 

.066 

1.00 

1.00 

1.055 

.700 

TEST  IV-1 

5 1 


K,SHAP 

z * .5000 

DISCRIMINATION  RATIO 

INPUT 

ALPHA*  .300 

INPUT  RrTA*  .30  0 

E(N) 

a 17.62529 

E(N)  MULTIPLIER  = 2 

TEST 

ACCEPT 

REJECT 

1 

5.722 

0.000 

2 

6.827 

0.000 

3 

7.932 

0.000 

4 

9.036 

0.000 

5 

10.141 

.907 

6 

11.246 

2.011 

7 

12.351 

3.116 

6 

13.456 

4.221 

9 

14.560 

5.326 

10 

15.665 

6.431 

11 

16.770 

7.535 

12 

17.875 

8.640 

13 

18.980 

9.745 

14 

20.084 

10.850 

15 

21.189 

11.954 

16 

22.294 

13.059 

17 

23.399 

14.154 

18 

24.504 

15.269 

19 

25.608 

16.374 

20 

26.^13 

17.47  8 

*"21 

'*■*'  27.818 

’ 18.583 ~ 

22 

. 28.923 

19.588 

23 

30.027 

20.793 

24 

, 31.132 

21.898 

25 

32.237 

23.002 

26 

33.342 

24.107 

27 

34.447 

25.212 

28 

. 35.551 

26.317 

29 

36.656 

27.422 

30 

37.761 

28.526 

31 

38.866 

29.631 

32 

39.772 

30.736 

33 

39.772 

31.841 

34 

39.772 

32.945 

35 

39.772’ 

34.050 

36 

39.772 

35.159  . 

1U-U.J.JLL  1.' m 


• 500 


1; 


TEST  IV-2 

K»SHA  P£  * .5203  DISCRIMINATION  RATIO*  1*500 

INPUT  ALPMA*  .300  INPUT  BETA*  .30  0 

E(N)  * 16.33818  E (N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.566 

0.000 

2 

6.675 

0.000 

3 

7.785 

0.000 

4 

8.894 

0.000 

5 

10.003  . 

1.088 

6 

11.112 

2.198 

7 

12.221 

3.30  7 

8 

13.330 

4.416 

9 

14.439 

5.525 

10 

15.548 

6.534 

11 

16.658 

7.743 

12 

17.767 

8.852 

13 

18.876 

9.961 

14 

19.985 

11.071 

15 

21.094 

12.180 

16 

22.203 

13.289 

17 

23.312 

14.398 

18 

24.421 

15.507 

19 

25.530 

16.616 

20 

26.640 

17.725 

21 

27.749 

18.834 

22 

28.858 

19.944 

23 

29.967 

21.053 

24 

31.076 

22.162. 

25 

32.135 

23.271 

26 

33.294 

24.38  0 

27 

34.403  - 

25.48  9 

26 

35.513 

26.598 

29 

36.601 

27.707 

30 

36.601 

28.817 

31 

36.601 

29.926 

32 

36.601 

31.035 

33 

36.601 

32.144 

*1 


• 


TEST  IV- 3 


i 


K,  SHAPE  * .540  0 
INPUT  ALPHA*  .300 
ECN)  * 15. 18992 


OISCRIMTNATTON  RATIO* 
INPUT  BETA*  .30  0 
E (N)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCEPT 

REJECT 

1 

5.422 

0.000 

2 

6.536 

0.000 

3 

7.649 

0.000 

4 

8.763 

• 145 

5 

9.876 

1.258 

6 

10.990 

2.372 

7 

12.103 

3.485 

8 

13.217 

4.599 

9 

14.330 

5.712 

10 

15.444 

6.326 

11 

16.557 

7.939 

12 

17.671 

9.053 

13 

18.784 

10.166 

14 

19.897 

11.230 

15 

21.011 

12.393 

16 

22.124 

13.507 

17 

23.238 

14.620 

18 

24.351 

15.734 

19 

25.465 

16.847 

20 

26.578 

17.960 

21 

27.692 

19.074 

22 

28.9  05 

20.187 

23 

29.919 

21.301 

24 

31.0  32 

22.414 

25 

32.146 

23.528 

26 

33.259 

24.641 

27 

34.373 

25.755 

28 

34.517 

26.968 

29 

34.517 

27.982 

30 

34.517 

29.095 

31 

34.517 

30.209 

264 


TEST  IV-4 


K,  SHAPE  * .5600  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BET  A*  .*0  0 

ECN)  * 1 A.  16113  E (M>  HULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.289 

0.000 

2 

6.407 

0.  00  0 

3 

7.525 

0.000 

4 

8 .643 

• 300 

5 

9.760 

1.418 

6 

10.878 

2.536 

7 

11.996 

3.653 

6 

13.114 

4.771 

9 

14.232 

5.889 

10 

15.349 

7.007 

11 

16.467 

8.125 

12 

17.585 

9.2-43 

13 

18.703 

10.360 

14 

19.821 

11.478 

15 

20.939 

12.596 

16 

22.056 

13. 71 4 

17 

23.174 

14.832 

18 

24.292 

15.930 

19 

25.410 

17.  067 

20 

26.528 

18.195 

21 

27.646 

19.303 

22 

28.763 

20.421 

23 

29.881 

21.539 

2A 

30.999 

22.656 

25 

32.117 

23.774 

26 

32.417 

24.892 

27 

32.417 

26.010 

28 

32.417 

27.128 

29 

32.417 

28.246 
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TEST  IV-5 


i 

; 

■i 

! 


KfSWAPE  * 

• 5800 

INPUT  ALPHA*  .300 

E(N)  * 

13.23571 

TEST 

ACCEPT 

1 

5,165 

2 

6,288 

3 

7.410 

4 

8.532 

5 

9.654 

6 

10.776 

7 

11.893 

6 

13.021 

9 

14.143 

10 

15.265 

11 

16.387 

' 12 

17.509 

13 

18.6  32 

14 

19.754 

15 

20.876 

16 

21.998 

17 

23.120 

18 

24.243 

19 

25.365 

20 

26.487 

21 

27.609 

22 

23  .731 

23 

29.854 

24 

30.299 

25 

30.299 

26 

30.299 

27 

30.299 

DISCRIMINATION  RATIO* 
IN»UT  <3ETA*  ,30  0 
c(N)  MULTIPLIER  = 2,00 


REJECT 
0,000 
0,  000 
0,000 
• 446 
1,568 
2,690 
3,812 
4,934 
6,057 
7,179 
8,301 
9,423 
10,545 
11,667 
12.790 
13,912 
15.034 
16,156 
17.278 
13,401 
19.523 
20,645 
21.767 
22.83  9 
24.012 
25.134 
26.256 


1.500 


TEST  IV-6 


K*  SHAPE  * .6  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 

ECN)  * 12.  VO 020  E (N)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

5.850 

0.000 

2 

6.17  7 

0.000 

3 

7.303 

0.000 

* 

8.430 

,533 

5 

9.556 

1.709 

6 

10.683 

2.936 

7 

11.810 

3.962 

8 

12.936 

5.099 

9 

14.063 

6.215 

10 

15.189 

7,342 

11 

16.316 

8.469 

12  * 

17.442 

9.595 

13 

18.569 

10.722 

14 

19.696 

11.848 

15 

20.922 

12.975 

16 

21.949 

14.101 

17 

23.075 

15.228 

18 

24.202 

16.355 

19 

25.328 

17. <*81 

20 

26.455 

18.608 

21 

27,582 

19.734 

22 

28.164 

20.861 

23 

28.164 

21.997 

24 

28.164 

23.114 

25 

28.164 

24.241 
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TEST  IV- 7 


K*SHAPE  * .6  250 
INPUT  ALPHA*  .300 
E(N)  * 11.46513 


DISCRIMINATION  RATIO* 
INPUT  BETA*  .30  0 
E (N)  MULTIPLIER  * 2.00 


rEST 

ACCEPT 

REJECT 

1 

4.917 

0.000 

2 

6.049 

O.QOO 

3 

7.181 

0.000 

4 

8.313 

.743 

5 

9.445 

1.875 

6 

10.577 

3.007 

7 

11.709 

4.139 

8 

12.041 

5.271 

9 

13.974 

6.403 

10 

15.106 

7.536 

11 

16.238 

8.668 

12 

17.370 

9.800 

13 

18.502 

10.932 

14 

19.634 

12.064 

15 

20.766 

13.196 

16 

21.898 

14.  328 

17 

23.030 

15.460 

18 

24.162 

16.592 

19 

25.294 

17.724 

20 

26.037 

18.856 

21 

26.037 

19.988 

22 

26.037 

21.120 

23 

26.0  37 

22.252 
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TEST  IV-0 


O 


K.  SHAPE  = .6500 
INPUT  ALPHA*  ,300 
E(N)  * 10,63451 


OISCRI MTNATION  RATIO*  1.'500 

INPUT  BETA*  ,30  0 

ECN)  MULTIPLIER  * 2.00 


■ 


t; 


TEST 

ACCEPT 

REJECT 

1 

4.795 

0.000 

2 

5.932 

0.000 

3 

7.070 

0.000 

4 

8.207  * 

• 893 

5 

9.345 

2.031 

6 

10.482 

3.168 

7 

11.620 

4.306 

0 

12.758 

5.443 

9 

13.895 

6.501 

10 

15.0  33 

7.718 

11 

16.170 

8.856 

12 

17.308 

9.994 

13 

18.445 

11.131 

14 

19.583 

12.269 

15 

20.721 

13.406 

16 

21.858 

14.544 

17 

22.996 

15.661 

18 

24.133 

15.819 

19 

25.026 

17.956 

20 

25.026 

19.094 

21  • 

25.0  26 

20.232 

22 

25.026 

21.369 
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j 


K»  SHAPE  * .6750  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 

ECN>  * 9. 09326  E (N)  MULTIPLIER  * 2.00 


ACCEPT 

4.662 

5.625 

6.968 

6.111 

9.254 

10.397 

11.540 

12.683 

13.827 

14.970 

16.113 

17.256 

18.399 

19.542 

20.685 

21.628 

22.662 

22.862 

22.862 

22.862 


REJECT 

0.000 

0.000 

0.000 

1.034 
2.177 
3.320 
4.463 
5.606 
6.749 
7.892 

9.035 
10.178 
11.321 
12.464 
13.607 
14.750 
15.894 
17.037 
18.180 
19.323 


o 


.-v-w 


K,SHAPE  * ,7  000 
INPUT  ALPHA*  .300 
E(NJ  * 9.22894 


TEST  IV- 

OISCRIMINRTION  RATIO* 
INPUT  BETAs  ,30  0 
E (N)  MULTIPLIER  * 2,00 


TEST 

ACCEPT 

REJECT 

1 

4,578 

0,000 

2 

5,726 

0.000 

3 

6,875 

.017 

4 

8,023 

1.166 

5 

9.172 

2.314 

6 

10,321 

3.463 

7 

11.469 

4.611 

8 

12,618 

5.7S0 

9 ' ‘ 

- ' 13.766  ' ‘ 

6.  90'9 

10 

14,915 

8.057 

11 

16,064 

9,206 

12 

17.212 

10.354 

13 

18,361 

11,503 

14 

19.510 

12.652 

15  * 

20,658 

13,800 

16 

21.807 

14.949 

17 

21.824 

16,098 

18 

21,824 

17.246 

19 

21,824 

18.395 

10 

1.500 
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li 


c 


TEST  IV- 11 


K, SHAPE  * .7250 
INPUT  ALPHA*  .300 
ECN)  * 8.63117 


DISCRIMINATION  RATIO* 
INPUT  BETA*  ,30  0 
ECN)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCENT 

REJECT 

1 

4.681 

0.000 

2 

5.635 

0.00  0 

3 

6.789 

• 136 

4 

7.943 

1.290 

5 

9.098 

2.444 

6 

10*252 

3.598 

7 

11.406 

4.752 

6 

12.560 

5.907 

9 

13.714 

7.061 

10 

14.868 

8.215 

11 

16.023 

9.359 

12 

17.177 

10.523 

13 

18.331 

11.678 

14 

19.485 

12.832 

15 

20.639 

13.986 

16 

20.775 

15.140 

17 

20.775 

16.294 

18 

20.775 

17.448 

K,  SHAPE  * .7500 
INPUT  ALPHA*  .300 
ECN)  * 6. 09132 


TEST  IV-12 


DISCRIMINATION  RATIO* 
INPUT  BETA*  .30  0 
ECN)  MULTIPLIER  * 2.00 


1.500 


TEST 

ACCEPT 

REJECT 

1 

4.391 

0.000 

2 

5.551 

0.000 

3 

6.711 

• 248 

4 

7.870 

1.408 

5 

9.030 

2.567 

6 

10.190 

3.727 

7 

11.350 

6.887 

8 

12.509 

6.047 

9 

13.669 

7.206 

10 

14.829 

8.356 

11 

15.989 

9.526 

12 

17.148 

10.686 

13 

18.308 

11.845 

14 

19.468 

13.005 

15 

19.716 

16.165 

16 

19.715 

15.325 

17 

19.716 

16.484 

272 


TEST  IV-13 


O 


K,  SHAPE 

S .8  000 

IN°UT  ALPHAs  ,300 

E(N) 

* 7. 15725 

TEST 

ACCEPT 

1 

4.230 

2 

5.401 

' 3 

6.571  . 

4 

7.742 

: 5 

8.913 

6 

*10.084 

7 

11.255 

8 

12.425 

9 

13.597 

10 

14.768 

11 

15.939 

12 

17.110 

13 

17.564 

14 

17.564 

15 

17.564 

DISCRIMINATION  RATIO=  1.500 
INPUT  BFTAs  .30  0 
E (N)  MULTIPLIER  = 2.00 


REJECT 
0.000 
0.000 
• 454 
1.625 
2.796 
3.967 
5.138 
5.309 
7.480 
8.551 
9.822 
10.993 
12.164 
13.335 
14.505 


TEST  IV-14 


K.SHAPE  s 

.8500 

DISCRIMINATION  RATIO* 

INPUT  ALPHA*  .300 

INPUT  BETAs  ,30  0 

EIN)  * 

6.  38063 

E(N>  MULTIPLIER  s 2. 

TEST 

ACCEPT 

REJECT 

1 

4.0  89 

0.000 

2 

5.271 

0.000 

3 

6.453 

• 640 

4 

7.635 

1.822 

5 

8.817 

3.005 

6 

10.000 

4.187 

7 

11.182 

5.369 

8 

12.364 

6.551 

9 

13.546 

7.733 

10 

14.728 

8.916 

11 

15.369 

10.098 

12 

15.369 

11.280 

13 

15.369 

12.462 
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• TEST  IV-15 


K.SHAPE  * 

.9  000 

DISCRIMINATION  RATIO* 

INPUT  ALPHA*  ,300 

INPUT  BETA*  .30  0 

EIN)  * 

5.  72772 

E(N>  MULTIPLIER  * 2. 

TEST 

ACCEPT 

REJECT 

1 

3.965 

0.000 

2 

5.158 

0.000 

3 

6.352 

• 809 

4 

7.545 

2.003 

5 

8.739 

3.196 

6 

9.932 

4.390 

7 

11.126 

5.583 

8 

12.319 

6.777 

9 

13.513 

7.971 

10 

14.322 

9.164 

11 

14.322 

10.356 

1Z 

14.322 

11.551 

TEST  IV- 16 

K,  SHAPE 

= .9500' 

DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300 

INPUT  BETA*  .30  0 

ECN) 

* 5. 17339 

E(N>  MULTIPLIER  * 2.00 

TEST 

ACCEPT 

REJECT 

1 

3.855 

0.000 

2 

5.060 

0.000 

3 

6.265 

• 954 

4 

7.470 

2.159 

5 

8.575- 

3.374 

6 

9.880 

4.579 

7 

11.085 

5.784 

8 

12.290 

6.989 

9 

13.254 

8.194 

10 

13.254 

9.399 

11 

13.254 

10.604 
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TEST  IV-17 


K, SHAPE  *1.  0 003 
INPUT  ALPHA*  .300 
ECN)  * 4.  59861 


DISCRIMINATION  RATH*  1.-5  00 

INPUT  1"TA=  ,30  0 

E(N)  MULTIPLIER  * 2. 00 


TEST 

ACCEPT 

REJECT 

1 

3.758 

0.000 

2 

4.975 

0.000 

3 

5.191 

1.107 

4 

7.407 

2.324 

5 

8.524 

3.540 

6 

9.840 

4.756 

7 

ll.n57 

5.973 

8 

12.164 

7.189 

9 

12.164 

8.406 

10 

12.164 

9.522 

TEST  IV-19 


K,SHAP 

E *1.2000 

OISC°IMTNATION  PATIO*  1.500 

INPUT 

ALPHA*  .300 

INPUT  9~TA=  .30  0 

E(N) 

* 3.34581 

E(N>  MULTIPLIER  * 2.00 

TEST 

ACCENT 

REJECT 

1 

3.462 

0.  000 

2 

4.725 

.327 

3 

5.988 

1.590 

4 

7.251 

2.852 

5 

8.514 

4.115 

6 

8. 841 

5.378 

7 

8.841 

6.641 

TEST  IV- 20 

K,SHAP 

s *1,3  noo 

DISCRIMINATION  PATIO*  1.500 

INPUT 

ALPHA*  .300 

INPUT  9”T  A*  ' o 30  0 

E(N) 

* 2.  58547 

E (M>  MULTIPLIER  = 2.00 

TEST 

ACCEPT 

REJECT 

1 

3.355 

0.000 

2 

4.541 

• 505 

3 

5.9*8 

1.792 

4 

7.215 

3.078 

5 

7.720 

4.365 

6 

7.720 

5.651 

• 

' " " 



i 

• TEST  IV-21 

Kf SHAPE  *1.4000 

DISCRI HINATION  RATIO*  1.500* 

INPUT  ALPHA*  .300 

INPUT  9“TA*  .30  0 

E(N)  * 2.51972 

E (N)  MULTIPLIER  * 2.00 

TEST  ACCENT 

REJECT 

1 ,VV  3.267 

0.000 

2 * 4.577 

.665 

3 5.898 

1.975 

4’  7.198 

3.296 

3 7.863 

4.597 

6 7.863 

5.907 
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AD-A034  999 


UNCLASSIFIED 


AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OHIO  SCH — ETC  F/G  12/1 
SEQUENTIAL  PROBABILITY  RATIO  TESTS  OF  THE  SCALE  PARAMETER  BETWE-- ETC(U) 
DEC  76  J N ROBINSON 

60R/MA/76D-2  ML 


TEST  IV-22 


K,SHAPE  *1.5  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 

E(N)  * P.22200  E(N>  MULTIPLIER  * 2.00 


TEST 

1 

2 

3 

4 

5 


ACCEPT 

REJECT 

3.104 

0.000 

4.529 

• 810 

5.864 

2.145 

6.6*% 

3.479 

6.674 

4.814 

TEST  IV-23 

K, SHAPE  =1.6  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BETA*  .30  0 

£(N)  * 1.97693  E (N)  MULTIPLIER  * P.00 


TEST  ACCEPT  REJECT 


1 3.134  0.000 

2 4.404  .943 

3 5.437  2.302 

4 5.437  3.662 


TEST  IV- 24 

Kf SHAPE  *1.7000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  BETA*  .300 

EtN)  * . 1.77238  E(N)  MULTIPLIER  * 2.00 


TEST  ACCENT  REJECT 

1 3.095  0.000 

2 4.469  1.067 

3 5.536  2.451 

4 5.536  3.835 
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TEST  IV- 25 


P"1  " ’ ' 


K,SMAPE  *1.8  000 
INPUT  ALPHA*  ,500 
E(N)  a 1. 50000 


DISCRIMINATION  RATIO*  liOOO 
INPUT  P'TA*  .30  0 
E (N)  MULTIPLIER  * 2.00 


TEST 

1 

2 

3 

4 


ACCEPT 

3.045 

4.454 

5.636 

5.636 


REJECT 

0.000 

1.182 

2.591 

4.000 


TEST  IV-28  ' 


<■  K*  SHAPE  *1.9  000 

DISCRIMINATION  PATIO*  1.500 

INPUT  ALPHA*  .300 

INPUT  9*  TA*  .30  0 

i 

E(N)  * 1.45322 

ECNI  MULTIPLIER  * 2.00 

, 

TEST  ACCEt>T 

REJECT 

o 

1 3.012 

0.000  f 

2 4.303 

1.291 

3 4.303 

2.725 

, 

• 

• 

• 

i & 


TEST  IV- 27 


K*  SHAPE  *2.0000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  9ETA*  .30  0 

E(N)  * 1.32714  E (N)  MULTIPLIER  * 2.00 


TEST  ACCEOT 

1 2.985 

2 4.379 

3 4.379 


REJECT 
0.  000 
. 1.394 
2.854 
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TEST  IV- 28 


KfSHAPE  *2.1  W8  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .800  INPUT  9"TA*  .100 

ECN)  * 1.21739  E CM)  MULTIPLIER  * 2.00 


TEST 

ACCEPT 

REJECT 

1 

2.964 

• 007 

2 

4.449 

1.493 

3 

4.456 

2.978 

KfSHAPE  *2.2000 

TEST  IV- 29 

DISCRIMINATION  RATIO*  1.500 

INPUT 

ALPHA*  .300 

INPUT  BETA*  ,30  0 

ECN) 

* 1. 12281 

ECN)  MULTIPLIER  * 2.00 

TEST 

ACCENT 

REJECT 

1 

2.947 

• 076 

2 

4.459 

1.597 

3 

4.534 

3.099 

4. 

• 

I 

I 


TEST  IV- 30 


KfSHAPE  *2.100  0 
INPUT  ALPHA*  .300 
ECN)  * 1.03928 


DISCRIMINATION  RATIO* 
INPUT  9TTA*  .30  0 
ECN)  MULTIPLIER  * 2.00 


1.500 


TEST 

1 

2 

3 ‘ 


ACCf  DT 
2.935 
4.473 

4.613 


REJECT 
• 141 
1.678 
3.216 


TEST  IV- 31 

KfSHAPE  *2.4  000  DISCRIMINATION  RATIO*  1.500 

IN*UT  ALPHA*  ,300  INPUT  BETA*  .30  0 

ECN)  * .96551  ECN)  MULTIPLIER  * 2.00 


o 


TEST 

1 

2 


ACCEPT 

2.926 

3.129 


REJECT 
• 202 
1.767 
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K,SHAPS  *2  . 5 00  0 
INPUT  ALPHA*  ,300 
E(N)  * ,90006 


DISCRIMINATION  RATIOS 
INPUT  OrT A*  ,30  0 
E (N)  MULTIPLIER  = ? • 00 


ACCEPT 

2.921 

i.132 


K, SHAPE  =2.3  000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  9£TA*  .300 

E<N)  * .74222  E (N)  MULTIPLIER  * 2.00 


ACCEPT 

2.921 

3.346 


REJECT 
• 424 
2.097 


DISCRIMINATION  RATIO*  1.500 

INPUT  RETAs  .30  0 

E(N>  MULTIPLIER  * 2.00 


KtSHAPE  *3.0  00  0 
INPUT  ALPHA*  .300 
E(N)  * .66106 


ICjSHAPE  *3.3  009 
INPUT  ALPHA*  .300 
E(N)  *•  .56449 


DISCRIMINATION  RATIO*  1.500 

INPUT  P“TA*  .30  0 

E<N)  MULTIPLIER  * 2.00 


ACCEPT 

2.963 

3.628 


REJECT 
• 655 
2.479 


KySHAPE  *3.6  00(1 
INPUT  ALPHA*  .300 
ECN)  * .48970 


DISCRIMINATION  RATIO* 
INPUT  A*  .30  0 
E CN)  MULTIPLIER  * 2.00 


ACCEPT 

1.901 


DISCRIMINATION  RATIO*  1.500 

INPUT  BETA*  .30  0 

ECN)  MULTIPLIER  * 2.00 


KySHAPE  *3.9  00  0 
INPUT  ALPHA*  .300 
ECN)  * .43064 


ACCENT 

1.991 


TEST 


DISCRIMINATION  RATIO*  1.500 

INPUT  9ETA*  .30  0 

ECN)  MULTIPLIER  * 2.00 


Ky SHAPE  *4.3  00  0 
INPUT  ALPHA*  .300 
ECN)  * .36903 


REJECT 

1.086 


ACCEPT 

2.113 


Ky  SHAPE  *4.  6 000  DISCRIMINATION  RATIO*  1.500 

INPUT  ALPHA*  .300  INPUT  R'TA*  .30  0 WAX* 
ECN)'  * .33227  ECN)  MULTIPLIER*  2.00 


REJECT 

1.204 


ACCEPT 

2.207 


DISCRIMINATION  RATIO*  1.500 

INPUT  *ETA*  .30  0 

ECN)  MULTIPLIER  * 2.00 


Ky  SHAPE  *5.7  000 
INPUT  ALPHA*  .300 
ECN)  * .24032 


REJECT 

1.625 


ACC?°T 

2.566 


■ 


PROGRAM  ONETIMECINPUT, OUTPUT) 

COMMON  THETA, ALPHA, BETA, FACTOR, SHAPE, NSEED,NBOUNO 
COMMON  NMAX,SUM( 2 ) , BOUNOUC500) ,BCUNOL (500) ,TIM(2) 

COMMON  AC (2),RJ(2) ,HX (50 0) , XK  (500) , AL  FFRR , 6ETERR 
COMMON  TIHAVG,AVG1,AVG2,EN,A1,A2,A3,EXP0 
COMMON  NST ANO , TRUNU (2) ,T ZERO yTRUNN (2) 

DIMENSION  SHAPIN  (40) 

NMAX*1 000 

*177  FORMAT (/////////> 

PRINT  177 

PRINT*,**  ACCELERATEO  TESTS  WITH  REPLACEMENT- 

19  FOPMATf-  MONTE  CARLO  SIZE*  -,I6> 

PRINT  19,NMAX 
ALPHA*. 20 
BETA*. 20 
THETA*1.5 

OATA  SHAPIN/. 50,. 52,. 54, .56, .58, .60 , .625 , .65, 

1.675..  7. .725.. 75. .6. .85. .9.. 95, 

2.1. 0. 1. 1.1.2. 1.3. 1.4. 1.5. 1.6. 1.7, 

31.6.1.9.2.0. 2.1.2. 2. 2. 3. 2. 4. 2. 5, 

42.8.3. 0. 3. 3. 3. 6. 3. 9. 4. 3. 4. 6. 5. 7, 

12  FORMAT  (-  INPUT  ALPHA*  -,F6.3,"  INPUT  BETA*  -,F6.3> 

PRINT  12, ALPHA, BETA 
FACT0R*2. 0 
NSEE0*5 
NSTANDsl 

13  FORMAT ("  MULTIPLICATION  FACTOR*  -,F5.2,-  NSTANO*  -,I2) 

PRINT  13, FACTOR, NSTANO 

14  FORMAT (/) 

PRINT  14 

101  FORMAT  (-  K ALPHA  BETA  N(0>  NCI)  TCO)  T(l)-) 

PRINT  101 
PRINT*,"  " 

CALL  RANSET(NSEEO) 

DC  20  I3H=1,40 
SHAPE*SHAPIMISM) 

EXFO*l. /SHAPE 
CALL  TABLE 
CALL  TESTER 

20  CALL  PRINT 
STOP 
ENO 
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... 


610 

601 

611 

612 

615 

6C0 


♦•THIS  SECTION  RUNS  A SPECIFIC  TEST 
SUBROUTINE  TESTER 

COMMON  THETA, ALPHA, BETA, FACTOR, SHAPE, NSEEO.NBOUNO 
COMMON  NMAX,SUM(2) .BOUNOU  (500 ) ,BOUNOL (500 ) ,TIM(2> 
COMMON  AC(2),RJ(2),HX(500),XK(500) , ALFERR ,EETERR 
COMMON  TIMAVG, AVG1.AVG2.EN, A1.A2.A3.EXPO 
COMMON  NSTAN0,TRUKU(2) ,TZERO,TRUNN (2) 

DIMENSION  VT (2) ,NH  (2) , ANCHR1 (50) ,ANCHR2(50) 
DIMENSION  STNTIM(50) ,CLOCK(50) 

00  600  IKP*1,2 

AC(INP)*.0 

NH  (INP )*• 0 

TIM(INP)«.0 

TRUNU (INF) *.0 

TRUNN(INP) *»0 

RJ(INP>*.0 

DO  600  MONTE*l »NMAX 

SUMla.O 

VT (INP)**  0 

00  610  IK*1,NB0UND 

X=VALU  (INP) 

SUM1*SUM1*X 

H*X**SHAPE 

VT  (INP)*VT(INP)*W 

IF  (VT(INP)  .GE.TZERO)GO  TO  601 

IF (VT ( INF) «GE • BOUNOU (IK) )GO  TO  611 

IF (VT ( INF) *LE . SOUNOL (IK) ) GO  TO  612 

IF(IK.GE.NeOUNO)GO  TO  612 

CONTINUE 

TIMEsSUMl 

AC(INP)*AC(INP)+1. 

TRUNU (INF )*TRUNU (INP) ♦ 

GO  TO  615 
TIME*$UM1 

AC  (INP)*AC (INP)  + 1* 

GO  TO  615 
TIME*SUM1 

PJ(INP)*RJ(INP)»1.0 
GO  TO  615 

TI* (INF) *TIM (INP) ♦TIME 

NH(IN°)*NH(INP)4-IK 

CONTINUE 

RNMAX*NMAX 

ALFERR*RJ  (D/RNMAX 

BETERR**»C(2)/RNMAX 

TIMAVG* (TIM (1 ) +TIM (2) )/(2*RNMAX) 

AVG1*T IM  (1)  /RNMAX 
A VG2*TIN (2)/RNMAX 
RH1*NH  (1) 

RH2*NH  (2) 

A1*RH1/RNMAX 

A2*RH2/RNMAX 

A3*(Al*A2)/2. 

RETURN 

END 
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SUBROUTINE  TABLE 

COMMON  THETA, ALPHA, BET  A, FACTOR, SHAPE, NSEEO,NBOUNO 
COMMON  NHAX,S'JM(2>  ,BOUMCU  (500)  ,ECUNOL  (500)  »TIM(2) 
COMMON  AC (2) »RJ(2) ,WX(5C0) ,XK(500) , ALF  E 3R  * EETERR 
COMMON  TIMA VG,AVG1,AVG2,EN,A1,A2, A3, EXPO 
COMMON  t4STANO,TRUNU(2)  ,T ZERO, TRUNN (2) 

C*#****# CREATES  A TEST  SCHEME/TASLE  FOR  GIVEN  INPUTS 
0*1.-(1./THETA**SHAPE) 

9*  PET  A / ( 1 * - AL  P HA ) 

A=(1.-BETA)/ALPHA 

Hl*(-AL0G(B))/0 

H2=ALOG(A)/0 

S*  (SHAFE’ALCG (THETA) )/0 

EN=(H2-9ETAMHH>H2))/(S-1.) 

NEOUNO*rACTCR*EN*i 
T2ER0sN90UND*S 
00  501  IN*1,NB0UNC 
BCUNOU  (IN)  =IN*S-*H1 
8CUN0L  (IN)*IN*S-H2 

IF (BOUNDU (IN) .GE.TZERO) BCUNOU (IN)°TZER0 
IF (BCUNOL (IN) • LE*  *0) BOUNCL (IN) s«0 
501  CONTINUE 
RETURN 
ENO 


FUNCTION  VALU(INP) 

COMMON  THETA, ALPHA  , BET A, FACTOR, SHAPE, NSEE0,Ne0UN0 
COMMON  NMAX,SUM(2) ,80UMDU(500) ,BOUNOL (500) ,TIM(2) 
COMMON  AC(2),RJ(2) , WX (500)  , XK (500) ,ALFERR, EETERR 
COMMON  TIMA VG*AtfGl,AVG2,EN,Al,A2»A3, EXPO 
COMMON  NSTANO,TRUNU(2) ,T2ERO ,TRUNN (2) 

EXPO*l/SHAPE 
UNIVAL*1.-RANF  (1) 

ALOGUN=ALOG (UNIVAL) 

AESOLU*A0S (ALOGUN) 

IF(INP«E0 • 1) X VALaTHETA*ABSOLU*#EXPO 
IF(INP.EQ.2)XVALaA8SOLU**EXPO 

valu*xval 

RETURN 

ENO 
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•PRINT  IS  A COMPOSIT  SUBROUTINE  THAT  PRINTS 
•CUT  OESIREO  STATISTICS  IN  READABLE  FORM 
•TABLES  FOR  STANDARD  TESTS  ARE  INCLUOEO 
SUBROUTINE  PRINT 

COMMON  THETA, ALPHA, eETA, FACTOR, SHAPE, NSEED,NBOUNO 
COMMON  NMAX,SUM(2) ,BOUNOU(5QO) , SOUNOL (BOO)  ,TIM<2) 
COMMON  ACC2),RJ(2) ,MX(500) ,XK(500) , ALFERR ,BETERR 
COMMON  TIMAVG,Ay/Gl,AVG2,EN,Al,A2,A3,EXPO 
COMMON  NSTAMQ , TRUNU(2) ,TZER0,TRUNN(2) 

100  FORMAT  C1H  ,F4 . 2, 2 (2X, F6. 3) , 2 ( 2X , F6 . 2) , 2 < 2X ,F7. 3) ) 
PRINT  100, SHAPE, ALFERR, BETERR,A1,A2,AVG1, AVG2 
RETURN 
ENO 


. 


e 

PR33RAM  NONPEP(INPUT,OUTPJT) 

COMMON  TH^», AL®HA,  BETA, FACT  OR,  SHAPE, NSEi 0, N30UN0 
COMMON  NM AX,  SUM( 2 ) , BO*JNOU<50  9)  , 30UM0L  (500)  , TIM(  2) 
COMMON  AC  (2)  ,RJ( 2) , MX (500)  , XK(500)  , ALFERP, 9ETERR 
COMMON  TINAVG*  AVG1, AV 02, EM, A l, A 2, A3, EXPO 
COMMON  TRUNU  (2)  , TZERO,  TRUNM  (2) 

01 MANSION  SH  APIN  ( 40  ) 

P»IMT*,“  ******H5I9ULL  S.P.RaT.  ♦******•-  ■ 

TH£Te=l,5 

ALpJ«s#30 

9£T4=.30 

DATA  SNAP  IN/. 50, .52,. 54, .56, .35, .60, ,625, ,65, 
li  57*,t7 H 725  ,*75, *8, *95, *9, *95, 

21.0,1.1,1.2,  1. 3, 1.4, 1.9, la6,  la 7, 

31a  9,la9,2a0,  2a  1, 2a2,2a3,2a4,  2a  5 , 

42.  .9,3.  0,3a?,  la 6,  3.9,4. 3, 4.6,5.  7/ 

12  er,DMftT(-  INPUT  ALPHA*  M,rS.  3,"  IN*’JT  9ETA*  “,F5.3) 
PRINT  12,  ALPHA, BETA 

14  F0PMRT(7) 

PPIMT  14 
FACT0Ps3.  0 

13  FORMAT  ("  MULTIPLICATION  FACT  OR*  “,-5a2> 

PRINT  13, FACTOR 

NSE~0=5 

NMAXslO 

CALL  RANSET(NSEED) 

10  FORMAT (6F 5,2, 213) 

00  70  1ST  *1,  40 
SHAP£=SHAPIN(IST) 

PRINT  333 

333  PO°MAT (///// //////////////) 

“PINT*,"  TEST  IV- 

°PTNT*,“  ** 

FXo^sl, /SHAPE 
CAL-  TAOLE 
CALL  TESTER 
20  CALL  PRINT 

STO9 
EMO 


o 


»IST 
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COMMON  NMAXy  SUM(2),  BOUNOU(501),  30UMOL(500)  ,TIM(Z) 
COMMON  AC  (?)  ,RJ(2),HX(500),XK(500),ALFERR,BETSRR 
f!  COMMON  TIMAVG,AVG1,AVG2,EN,A1,A2,A3,EXP0 

fj  COM-ON  TRUNU  (2)  , TZEROyTRUNM  ( ?) 

C*******C.REATES  A TEST  SC H£ME/f TABLE  FOR  GIVEN  INPUTS 
j 0*1. • (1,?TH£TA**SMAPE) 

B=B:TA/(1. -ALPHA) 

*j  As  (1,-9FTA)/ ALPHA 

HI*  (-ALOG  (P)  )/D 
M2*AL0G(A)/0 
S*(?HAPE*AL0G(THSTA))/0 
EN*(H2-BETA*  (H1*H2)  )/(S-l») 

N90UN0*FACT0R*EN>1 
TTEP0sN80UN0*S 
00  FOl  IN=1, N0OUNO 
BOUNOU ( IN ) *1 N-S+Hl 
BOUMOL  ( IN ) *IN*S-H? 

IF (BOUNOU (IN),GE,T2ER0)90UN0U(IN)*rZER0 
IF (POUNOL  (IN  ),LE,  ,0)  BOUNOL  (IN)  *»  0 
5 01  CONTINUE 
RETURN 

I ENO  • 


C-******TMIS  SECTION  RUNS  A SPECIFIC  TEST 
SUBROUTINE  TESTER 

COMMON  THETA , ALPHA, BETA, PAOTOP, SHAPE, NSEED,N30UND 
COMMON  NMAX,  SUM(  2) , 90UN0U(  50  0)  , BOUNOL  (500)  ,TIM(2) 
COMMON  AC  (?) ,RJ( 2) » MX (500),XK(50Q), ALFERRyBETERR 
COM-ON  TIMAVG,AVGl,AVG2,EN,Al,A2,A3yEXP0 
COMMON  TRUNU  (2)  ,TZERO»TRUNN  ( 2) 

OIM-NSION  VT  (2)  , NH( 2) 

RNMAXsNMAX 
00  500  INP«1,2 
A2(TNP)s.  0 
NM  (I  NP)  *,  0 
TI M(INP)* • 0 
TRUNU  (IN°)*,  0 
TRUNN(INP)*,  0 
RJ (INP)  *•  0 
00  500  M0NTF=1, NMAX 
CALL  VALUS  (INP) 

SJM(INP)s.O 
VT  (IMP)  *•  0 

savf*,o 

BO  510  IK*1, N90UNB 
xxrio-wx  (IO**SHAPE 
SUM(IMP)aSUM  (INP)  fXK(IK) 

VT  (INP)sSUM(INO)  ♦(NB0UN0-I'O*XK(IK) 

IF  (VT  (INP)  ,GE,TZER0)G0  TO  601 
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IFUTCINP)  .GE.B0UN0U(IK>>30  TO  611 

IF <TK*6E.  NPOUNO)  TRUNN  (INP1  * TRUNN  (INP)  >1. 

Ir  (TX^GC*  NBOUND)  GO  TO  612 

IF(VT  (IN®)  *L  E»  OOUNOL  (IK)  )GO  TO  512 

SAVE*VT<INP> 

610  CONTINUE 

. 601  TIMS'*<(TZEP0-VT(INP))/<N80UM'VI<M>*XKCI<>>**EXP0 
AC  (IMP)sAC(INP)  *1# 

TRUMUCINP)  *TR’JNU  (IM»>  +1. 

GO  TO  615 

611  TIM” * ( (80  UNOU(IK)  -SAVE) /(N90UND*IK*i  )+KK(IK))**EXPO 
A0(TMP)*AC(INP)*>1. 

GO  TO  615 

612  TIHrsHX(IK) 

RJ(TMP)*RJ(INP)*i,0 
GO  TO  615 

615  TIHfINP)*TIM  (INP)dlHE 
NH(INP)=NH(INP>*IK 
600  CONTINUE 

ALFERR*9J(i>  /RNNAX 
METE PR* AC (2) /RNNAX 
TIM4VC*  (TIH(1)+TIM(2))/C2*RNNAX) 

AVG1*TIHC1)/9NNAX 
‘ AVG2*TIM(2)/RMMAX 
»MH1*NM(1> 

RMH2*MH(2I 

A1*RNH1/RNMAX 

A»*9NM2/RNMAX 

A3*(Al+A2>/2« 

RETURN 

. SNP 

SUBROUTINE  VALUS(INP) 

COMMON  THETA  ,AL»HA,8ETA,FACT0R,5HAPEfNSE“0tN90UN0 
COMMON  NHAX,SUNC?)fPOUNOU(50  0)  .80UNOLC500)  ,TIM(2> 
COMMON  AC (2) ,RJ(2), WXC500)  ,X<f500)  t ALFERR, BETERR 
COMMON  TIMAVG,AVG1,  AVG2,EN,A1,  A2, A3,  EXPO 
COMMON  TRUNUC2J  ,TIEP.O,TRUNN(2) 

EXPO*l/SHAPE 

00  VOO  IRAN*1,N90UN0 

UNIVAL=1.-RANF(1) 

A103UN*AL0G(UNIVAL> 

A3S0LU*  A9S  (A  LOG'JN) 
tP(lNP.EQ.l)  XVAt*THETA*A9S0LU**EXP0 
IF(INP*EQ.2)  XVAL*A3S0LU**EXP0 
WX(TPAN)*XVAL 
400  CONTINUE 

CALL  S0PTW(HX,N30UN0> 

RETURN 

(.  ) 
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C*««*»,3RTNT  IS  A COHPOSIT  SUBROUTINE  THU  POINTS 
C******0UT  DESIRED  STATISTICS  IN  READABLE  FORM 
C******TA9LES  POP  STANOARO  TESTS  ARE  INCLUDED 
SUBROUTINE  PRINT 

COMMON  THETA  , ALPHA, BET A, FA ST OR*  SHAPE  * NS EEC* NBOUND 
COMMON  NMAX,  SUM! 2 ) , ROUNOU ! 50 0) , 30UNDL !509 > , TIM( ?) 

COMMON  ACC2)  ,RJ!2),HX!500)  ,XK!500),ALFERR,BETERR 
COMMON  TIMAVG,  AVG1,  AVG2,EN,A1,  A2, A3, EXPO 
COMMON  TRUNU!2>  ,TZSRO,TR'JNM(?) 

127  FORMAT {///// / f //////////// S / f /////// t // /%  • 

102  FORMATC*  K, SHAPE  *",F6.4,"  DISCRIMINATION  RATIO*  ",F6.3) 

103  FORMAT!"  E IN)  *",F10.5,"  ECN>  MULTIPLIER  * ",F5.2) 

105  FORMAT!"  SAMPLE  SIZE  ON  TEST*", 14) 

106  FORMAT!"  TEST  ACCEPT  REJECT  TEST  ACCEPT 

1CT") 

107  FORMAT !"  TEST  ACCEPT  REJECT") 

109  FORMAT C1H  ,I4,2(5X,F7.3),3X,T4,2!5«,F7.3)) 

109  FOPMATdH  ,I4,2!5X,F7.3)> 

110  FORMAT!"  “RESENT  TABLE  DIMENSIONS  PRECLUDE  THIS  SIZE") 

115  PORMATC1H  , "INPUT  ALPHA*  ",F5.3,"  INPUT  BETA*  ",F5.3, 

1"  NMAX=  “ ,15) 

116  FORMAT (1H  ,"TIHE  AVERAGE  FOR  B0TH*",F8,4> 

100  FORMAT!"  ALPHA !EST) * ",F9.5,"  BETA! EST) * ",F8.5) 

101  FOPMAT!"  TIM  AV! 0)*  ",F8.5,"  TIM  AV!1)*  *»F8,5, 

1"  TIME  A VG!  2)  * “,F8,  5) 

126  FORMAT!"  N!0>*  ",F8.3,"  N!l>*  ",F9.3,"  N!AV)*  ",F8.3> 

128  FORMAT!"  TU0*",F6.2,"  TNO*", r6* 2,"  TU1*",F6*2,"  TN1*",F6.2) 
P“IMT  102*  SHAPE*  THETA 

“RINT  115, ALPHA, BETA, NMAX 
PRINT  103, EN, FACTOR 
88?  FORMAT!/) 

PRINT  888 

Ip !M90UND «GT ,315) GO  TO  207 
IF INBOUND ,LE ,45) GO  TO  201 
IF!NPOUNO,LE,BO)GO  TO  202 
Ir !N90UN0«LE#135) GO  TO  203 
Ie INBOUND  »LE  #180 ) GO  TO  204 
IF(NB0UN0.LE,225)G0  TO  205 
IF(n»OUND.LE,270)GO  TO  206 
IF {NBOUNDaLE *315) GO  TO  206 
2 01  PRINT  107 
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09  311  11*1, NB0UN9 

PRINT  109  f XI  ,BOUMOU(X1)  »90UN0L(X1) 

69  T9  999 
PRINT  109 
99  902  12*1,  95 
J2*T2*45 

IF ( J2» 6T*  M90UN0)  60  TO  312 

PR IMT  100 , 12  fOOUNOU  (1 2)  , BOUNOl  ( 1 2)  , J2, 9 0UN0U(  J2 ) , 90UNDL  ( J2) 
69  TO  302 

PRINT  109,I2,30'JN0U(X2)  ,B0UN9L(I2) 

CONTINUE 

60  TO  999  - - - 

PRINT  106 
09  303  13*1,45 
J3*T3*45 

«>RTNT  1 00 , 13  , 90UN0U  (13)  , SOUNOL  C 13)  , J3,B0JN0U(  J3)  ,90UNDL(J3) 


CONTINUE 
PRINT  127 
®RINT  107 
09  313  13 
PRINT  109 
60  TO  999 
PRINT  106 
09  304  14 
J4*T4«-45 
PRINT  100 
PRINT  127 
PRINT  106 
09  314  14 
J4*I4*45 
Ie ( J4*6T* 
PRINT  100 

60  TO  314 
PRINT  109 
CONTINUE 
60  TO  999 
PRINT  106 
00  305  15 
J5*I5+45 
PRINT  100 
*»RINT  127 
°RINT  106 
00  315  15 
J5*I5+45 
PRINT  100 
PRINT  127 
PRINT  107 
09  325  15 


*91  »NBOUNO 

, 13  ,30!JN9U  (13)  , 30UN0L  ( 13) 


>1,45 


, 14  ,90UN0U  (14)  , SOU  N-9L  ( 14)  , J4, 3 OUNOU(  J4)  , SOUNOL  ( J4) 


*91,135 

N0OUNO) 60  TO  324 

,14  ,30UN0U  (1 4)  , SOUNOL  (14)  , J4,30'JN0U(  J4)  » SOUNOL  ( J4) 


, 14  ,90UN0U  (14)  , SOU  NX  (14) 


*1,45 


, 15 ,30UN0U (15) , SOUNOL ( 15) * J5»50JN0U( J5 ) , SOUNOL (J5) 


*91,135 

, 15 ,90UNDU (15), SOUNOL (15) , J5,B0UN0U(J5) , BOUNDL CJ5) 


>181,  N90UND 
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PRINT  109,I5,90tJN0U(I5»,B0JNX(I5> 

PRINT  127  • 

60  TO  999 
PRINT  106 
03  316  16*1*  *5 
J6*I6+45 

PRINT  100  *16  ,3OUN0U  (16)  * B3UNX  ( 16)  « J6«B0JN0U(  J6I  ,BOUNDL  (J6) 

PRINT  127 

PRINT  106 

DO  326  16 *91 ,139 

J6*I6+45 

PRINT  100 , 16  ,30UNOU  (16)  , BOUNTL  ( 16)  » J6*B0'JN0U(  J&)  *BOUNX  < J6) 

PRINT  127 

PRINT  106 

DO  356  16*101,225 

JS*IS*45 

IP  C J5*GT«  N90UND)  60  TO  346 

PRINT  10S*I6,BOUNDU(I5)  ,30UNX  ( 16)  * J6*B0UNDU(  JS)  *B0UNX  ( J6) 
50  TO  356 

PRINT  109  *I6*30UN0U(I6)  *30UNX(I6) 

CONTINUE 

Ie (M90UND*LT  *270 ) GO  TO  999 
PRINT  127 
PRINT  107 

00  366  17*27 1.N90UN0 


PRINT  109 ,17  ,30*JN0U  (IT)  , 30UN0LTI7) 

GO  TO  999 

PRINT  110 

GO  TO  999 

CONTINUE 

PRINT  127 

RETURN 

ENO 
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PROGRAM  RPLTABSCINPUT, OUTPUT) 

COMMON  THETA, ALPHA, BETA, FACTOR, SHAPE, NSEED,NBOUNO 
COMMON  NHAX,SUM(2) ,BOUNDU(500) ,BCUNOL (500 ) ,TIM(2) 
COMMON  AC ( 2)  « R J( 2) ,WX (50 0) , XK ( 500) , ALFERR ,BETERR 
COMMON  TlMAVG,AVGl,AVG2,EN,Al,A2,A3«EXPO 
COMMON  NSTANO, TRUNUC2) ,TZERO , TRUNN (2) 

DIMENSION  SHAPIN(IO) 

11  FORMAT (///////////) 

PRINT  11 

C NMAX  INDICATES  THE  MONTE  CARLO  SIZE 
NMAX*5000 

PRINT*,**  ACCELERATED  TESTS  WITH  REPLACEMENT- 

19  FORMAT C-  MONTE  CARLO  SIZE  * ",I6> 

PRINT  13, NMAX 

ALPHA*. 10 
BETA*. 10 
THETA*1.5 

OATA  SHAPIN/. 50, 1.0, 1.3, 1.6, 2. 0,2. 2, 2. 5, 3. 3, *.3,5.7/ 

12  FORMAT (-  INFUT  ALPHA*  “,F6.3,-  INPUT  BETA*  ",F6.3) 
PRINT  12, ALPHA, BETA 

FACTOR *2. 0 

NSEE0*5 

NSTAN0*2 

13  FORMAT ("  MULTIPLICATION  FACTOR*  -,F5.2,-  NSTANO*  “,I2) 
PRINT  13, FACTOR, NSTANO 

1*  FORMAT C/) 

PRINT  1* 

101  FORMAT  C-  K ALPHA  BETA  N(0)  N(l>  T(0) 
PRINT  101 
PRINT*,-  - 
CALL  RANSET(NSEEO) 

DC  20  ISF*1,10 
SNAPE*SHAPIN(ISM) 

EXFO*l. /SHAPE 
CALL  TABLE 
CALL  TESTER 

20  CALL  PRINT 
PRINT  11 
STOP 

ENO 


O 
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SUBROUTINE  TABLE 

COMMON  THETA*  ALPHA *BET  A* FACTOR* SHAPE* NSEEOtNBOUNO 
COMMON  NMAX*SUM(2) ,BCUNOU (500) * eOUNOL (530 ) » TIN (2) 
COMMON  AC(2)»RJ(2) ,WX(500> ,XK(500) *ALFERR  *EETERR 
COMMON  TIMAVG * AVG1 »AVG2  »EN* A1 * A2*A3»EXPO 
COMMON  NST AnO  * TRUNU(2) ,7  ZERO , TRUNN ( 2) 

•♦CREATES  A TEST  SCHEME/TABLE  FOR  GIVEN  INPUTS 
0*1.-(1./THETA**SHAPE) 

9*BETA/(1. -ALPHA) 

A«(1.-BETA)/AJLPHA 
HI* (-ALOG (B) ) /O 
H2=ALOG(A)/0 
S* CSHAPE*ALOG CTHETAI ) /O 
EN=(H2-BET  A* (H1+H2)) / (S-l*) 

N50UN0*FACTCR»EN»1 
TZER0=N80UN0»S 
00  501  IN*1,N90UNC 
80UN0U  (IN ) *IN*S*H1 
9CUN0L  (IN ) *IN*S-H2 

IF (BOUNDU (IN) • GE*TZER0) BCUNOU (IN)=TZER0 

IF (8CUN0L (IN) .LE..0)BOUNCL(IN)*.0 

CONTINUE 

RETURN 

END 


I 


I 


C'«*»«*»THIS  SECTION  RUNS  A SPECIFIC  TEST 
SUBROUTINE  TESTER 

COMMON  THETA, ALPHA, BETA, FACTOR, SHAPE, NSEEO,NBOUND 
COMMON  NNAX,SUM(2) ,BOUNDU(500) ,BGUNOL (500) ,TIN(2) 

- COMMON  AC(2),RJ(2),WX(500),XK(500),ALFESR,EETERR 
COMMON  T1MAVG , AVG1,AVG2,EN, A1,A2,A3,EXP0 
COMMON  NST AND  , TRUNU(2)  ,T2ER0,TRUNN  (2) 

DIMENSION  VT(2),NH(2),  ANCHR1  (50)  ,ANCHR2(50) 
DIMENSION  STNTIM(50) ,CLOCKC50) 

00  600  INP*1, 2 

AC(INP)*.0 

NH(INP>*.0 

TlMCINPia.O 

TRUNU(INP) *.0 

TRUNN(INP)*.0 

RJ  (INP)s.O 

DO  600  M0NTE«1 ,NMAX 

SUM1*.0 

VT(INP)*.0 

OC  40  IST*1,NSTAN0 

ANCHR1  (1ST)*. 0 

ANCHR2  (1ST )*• 0 

STNTIM  (1ST)*. 0 

CLOCK (I3T)*0. 

40  CONTINUE 

DO  50  IST*i,NSTANO 
STNTIM (1ST )*V ALU (INP) 

50  CLOCK (I3T)*STNTIM (1ST) 

■ DO  610  IK*l,NBOUNO 
MIN*1 

00  603  IST*2,  NSTANO- 

IF  (STNTIP (1ST ) .LT. STNTIM  (MIN) ) MIN*IST 
603  CONTINUE 
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ANCHR1 CHIN)«ANCHR1 CHIN)  MOLOCH  CHIN) ) **SHAPE 
ANCHR2  <HN)*ANCHR2  CHIN)  ♦CLOCK  CHIN) 
SUH1«SUH1^  C CLOCK  CHIN) ) •♦SHAPE 
SUH2*. 0 

DO  686  IST*l»NSTANO 
IF  CIST. EO. HIM) 60  TO  606 

SUH2«$UM2R  CSTNTIH  CHIN) -ANCHR2  CIST)  )**SHAPE 

606  CONTINUE 

VTCXNP)«SUK1*SUH2 

IP  CVT  C IMP ) *6C • TZERO) 60  TO  601 

IF  CVT  CINP) *6E .BOUKDU (IK) 160  TO  611 

IP CVT CINP)  *LE • SOUNOL CIK)  )G0  TO  612 

IF  CIK.6E.N SOUND) 6C  TO  612 

TNEXT»VALUCINP) 

STMIH  CHIN)*STNTIH  CHIN)+TNEXT 
CLOCK  CHIN) «TNEXT 

610  CONTINUE 

601  TIMEaSTNTIHCHlN) 

AC  (INP)sAC (INP)  + 1. 

TRUNUCINP) =TRUNU  CINP) 41# 

GO  TO  61S 

611  TIME*STNTIM  CHIN) 

AC  CINP )*AC  CINP)+1* 

GO  TO  615 

612  TlMEsSTNTIPCHIN) 

RJCINP)*RJCINP)+1.0 
GO  TO  615 

615  TIHCINF)sTIHCINPWTIME 
NHCINP)sAHCINP)+IK 

600  CONTINUE 

RNHAXsNHAX 

ALFERR*RJ  C D/RNHAX 

BETERRsACC2)/RNHAX 

TIWAVG*(TIHC1)+TIN(2))/C  2*RNHAX) 

AVG1*TINC1)/RNFAX 

AVG2»TIi C2)/RNHAX 

RHlaNHCl) 

RH2*NH  C2) 

A1*RH1/RNHAX 

A2SRH2/RNMAX 

A3=CAl*A2)/2. 

RETURN 

END 


o n o 


FUNCTION  VALUCINPJ 

COMMON  THETA, ALPHA yBET A, FACTOR, SHAPE, NSEEOyNBOUND 
COMMON  NNAX,SUM(2) ,9CUNOU(500) , BOUNOL (500) ,TIM(2) 
COMMON  AC (2) , R J(2) ,WX|500> ,XK(500> , ALFERR yBETERR 
COMMON  TIHAVG y AVGlfAVG2y ENy Al,A2yA3yEXP0 
COMMON  NSTANO, TRUKU(2) ,TZERO ,TRUNN (2) 

EXFO*l/SHAPE 

UNIVAL»1.-RANF(1) 

ALCGUN=ALOG(UNlVAL) 

ABSOLU=A0S (ALOGUN) 

IF(INP.EG.1>XVAL*THETA*A8S0LU**EXP0 

IF  (INP.EQ* 2) XVAL®A8S0LU**EXP0 

VALUsXVAL 

RETURN 

END 


•PRINT  IS  A COMPOSIT  SUBROUTINE  THAT  PRINTS 
•OUT  OESIREO  STATISTICS  IN  READABLE  FORM 
•TABLES  FOR  STANOARO  TESTS  ARE  INCLUOEO 
SUBROUTINE  PRINT 

COMMON  THETAy ALPHA y BETA y FACTOR y SHAPE yNSEEOyNBOUNO 
COMMON  NMAXySUMC 2) yBOUNOU (50 0) y BCUNDL ( 500 ) yTIMC2> 
COMMON  AC(2) yRJt2) ,MXC500> ,XKt500i  y ALFERR yBETERR 
COMMON  TIMA VGyAVGlyAVG2yENyAiyA2yA3y EXPO 
COMMON  NSTANOyTRUNUCE) .TZEROyTRUNN C2) 

100  FORMAT  (1H  ,F4 • 2y 2 <2X y F6. 3) • 2 <2X y F6. 2) y 2 ( 2X ,F7.3> ) 
PRINT  100  ySHAPEy ALFERR yBETERR yAltA2,AVGlyAVG2 
RETURN 
END 
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demonstrated  as  shape  parameter  values  increase. 

A cost  model  which  can  be  used  to  determine  which 
testing  configuration  to  use  under  different  testing  restric* 
tions  is  offered.  Two  examples  are  presented  to  illustrate 
application  of  Weibull  SPRT's  under  cost  restraints. 
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